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PREFACE

There is a wide diversity of method in the teaching of engineer-
ing drawing, and perhaps less uniformity in the courses in differ-
ent schools than would be found in most subjects taught in
technical schools and colleges. In some well-known instances.
the attempt is made to teach the subject by giving a series of
plates to be copied by the student. Some give all the time to
laboratory work, others depend principally upon recitations and
home work. Some begin immediately on the theory of desecrip-
tive geometry, working in all the angles, others discard theory
and commence with a course in machine detailing. Some
advocate the extensive use of models, some condemn their use
entirely.

Different courses have been designed for different purposes,
and criticism is not intended, but it would seem that better unity
of method might result if there were a better recognition of the
conception that drawing is a real language, to be studied and
taught in the same way as any other language. With this
conception it may be seen that except for the practice in the
handling and use of instruments, and for showing certain stand-
ards of execution, copying drawings does little more in the study
as an art of expression of thought than copying paragraphs from
a German book would do in beginning the study of the German
language.

And it would appear equally true that good pedagogy would
not advise taking up composition in a new language before the
simple structure of the sentence is understood and appreciated;
that is, “ working drawings’’ would not be considered until after
the theory of projection has been explained.

After a knowledge of the technic of expression, the “pen-
manship and orthography,” the whole energy should be directed
toward training in constructive imagination, the perceptive
ability which enables one to think in three dimensions, to visual-
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vi PREFACE

ize quickly and accurately, to build up a clear mental image, a
requirement absolutely necessary for the designer who is to
represent his thoughts on paper. That this may be accomplished
more readily by taking up solids before points and lines has been
demonstrated beyond dispute.

It is then upon this plan, regarding drawing as a language, the
universal graphical language of the industrial world, with its
varied forms of expression, its grammar and its style, that this
book has been built. It is not a “course in drawing,” but a
text-book, with exercises and problems in some variety fromn
which selections may be made.

Machine parts furnish the best illustrations of principles, and
have been used freely, but the book is intended for all engineering
students. Chapters on architectural drawing and map drawing
have been added, as in the interrelation of the professions every
engineer should be able to read and work from such drawings.

In teaching the subject, part of the time, at least one hour per
week, may profitably be scheduled for class lectures, recitations,
and blackboard work, at which time there may be distributed
“study sheets” or home plates, of problems on the assigned
lesson, to be drawn in pencil and returned at the next correspond-
ing period. In the drawing-room period, specifications for plates,
to be approved in pencil and some finished by inking or tracing,
should be assigned, all to be done under the careful supervision
of the instructor.

The judicious use of models is of great aid, both in technical
sketching and, particularly, in drawing to scale, in aiding the
student to feel the sense of proportion between the drawing and
the structure, so that in reading a drawing he may have the
ability to visualize not only the shape, but the size of the object
represented.

In beginning drawing it is not advisable to use large plates.
One set of commercial drafting-room sizes is based on the division
of a 36”x48” sheet into 24”x36”, 18”x24”, 12"x18” and 9"x12".
The size 12”x18” is sufficiently large for first year work, while
97x12” is not too small for earlier plates.

Grateful acknowledgement is made of the assistance of Messrs.
Robert Meiklejohn, O. E. Williams, A. C. Harper, Cree Sheets,
F. W. Ives, W. D. Turnbull, and W. J. Norris of the staff of the
Department of Engineering Drawing, Ohio State University, not
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ENGINEERING DRAWING

CHAPTER 1.
INTRODUCTORY.

By the term Engineering Drawing is meant drawing as used
in the industrial world by engineers and designers, as the lan-
guage in which is expressed and recorded the ideas and informa-
tion necessary for the building of machines and structures; as
distinguished from drawing as a fine art, as practised by artists
in pictorial representation.

The artist strives to produce, either from the model or land-
scape before him, or through his creative imagination, a picture
which will impart to the observer something as nearly as may be
of the same mental impression as that produced by the object
itself, or as that in the artist’s mind. As there are no linesin
nature, if he is limited in his medium to lines instead of color
and light and shade, he is able only to suggest his meaning, and
must depend upon the observer’s imagination to supply the lack.

The engineering draftsman has a greater task. Limited to
outline alone, he may not simply suggest his meaning, but must
give exact and positive information regarding every detail of the
machine or structure existing in his imagination. Thus drawing
to him is more than pictorial representation; it is a complete
graphical language, by whose aid he may describe minutely every
operation necessary, and may keep a complete record of the work
for duplication or repairs.

In the artist’s case the result can be understood, in greater or
less degree, by any one. The draftsman’s result does not show
the object as it would appear to the eye when finished, conse-
quently his drawing can be read and understood only by one
trained in the language.

1



ENGINEERING DRAWING

w0

Thus as the foundation upon which all designing is based,
engineering drawing becomes, with perhaps the exception of
mathematics, the most important single branch of study in a
technical school.

When this language is written exactly and accurately, it is
done with the aid of mathematical instruments, and is called
mechanical drawing.* When done with the unaided hand,
without the assistance of instruments or appliances, it is known
as freehand drawing, or technical sketching. Training in both
these methods is necessary for the engineer, the first to develop
accuracy of measurement and manual dexterity, the second
to train in comprehensive observation, and to give control and
mastery of form and proportion.

Our object then is to study this language so that we may write
it, express ourselves clearly to one familiar with it, and may
read it readily when written by another. To do this we must
know the alphabet, the grammar and the composition, and be
familiar with the idioms, the accepted conventions and the
abbreviations,

This new language is entirely a graphical or written one. It
cannot be read aloud, but is interpreted by forming a mental
picture of the subject represented; and the student’s success in
it will be indicated not alone by his skill in execution, but by
his ability to interpret his impressions, to visualize clearly in
space. '

It is not a language to be learned only by a comparatively
few draftsmen, who will be professional writers of it, but should
be understood by all connected with or interested in technical
industries, and the training its study gives in quick, accurate
observation, and the power of reading description from lines, is
of a value quite unappreciated by those not familiar with it.

In this study we must first of all become familiar with the
technic of expression, and as instruments are used for accurate
work, the first requirement is the ability to use these instruments
correctly. With continued practice will come a facility in their
use which will free the mind from any thought of the means of
expression.

* The term “Mechanical Drawing”’ is often applied to all constructive
graphics, and, although an unfortunate misnomer, has the sanction of long
usage. g






CHAPTER II.
THE SELECTION OF INSTRUMENTS.

In the selection of instruments and material for drawing the
only general advice that can be given is to secure the best that
can be afforded. For one who expects to do work of professional
grade it is a great mistake to buy inferior instruments. Some-
times a beginner is tempted by the suggestion to get cheap
instruments for learning, with the expectation of getting better
ones later. With reasonable care a set of good instruments will
last a lifetime, while poor ones will be an annoyance from the
start, and will be worthless after short usage. As good and poor
instruments look so much alike that an amateur is unable to
distinguish them it is well to have the advice of a competent
judge, or to buy only from a trustworthy and experienced dealer.

This chapter will be devoted to a short deseription of the instru-
ments usually necessary for drawing, and mention of some not
in every-day use, but which are of convenience for special work.
In this connection, valuable suggestions may be found in the
catalogues of the large instrument houses, notably Theo. Alteneder
& Sons, Philadelphia; the Keuffel & Esser Co., New York, and
the Eugene Dietzgen Co., Chicago. With the exception of the
Alteneder instruments, all drawing instruments are made abroad,
principally in Germany. Scales, T-squares, surveying instru-
ments, etc., are, however, made in this country.

The following list ineludes the necessary instruments and
materials for ordinary line drawing. The items are numbered
for convenience in reference and assignment.

List of Instruments and Materials.

1. Set of drawing instruments, in case or chamois roll, including at
least: 5 1/2 in. compass, with fixed needle-point leg, pencil,
pen, and lengthening bar.
5-in. hairspring dividers.

Two ruling pens.
Three bow instruments.
Box of hard leads.
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/2. Drawing board.
< 3. T-square.
/4. 45° and 30°-60° triangles.
« 5. 12-in. architects’ scale (two flat or one triangular).
< 6. One doz. thumb tacks.
v 7. One 6 H and one 2 H drawing pencil.
- 8. Pencil pointer.
- 9. Bottle of drawing ink.
_ 10. Penholder, assorted writing pens, and penwiper.
~ 11. French curves.
«(12. Pencil eraser.
+" 13. Drawing paper, to suit.

To these may added:
14. Cleaning rubber.
15. Hard Arkansas oil stone.
16. Protractor.
17. Bottle holder.
18. Piece of soapstone.
19. 2-ft. or 4-ft. rule..
20. Sketch book.
21. Erasing shield.
22. Dusting cloth.
23. Lettering triangle.
The student should mark all his instruments and materials plainly
with initials or name, as soon as purchased and approved.

(1) All modern high-grade instruments are made with some
form of “‘pivot joint,” originally invented by Theodore Alteneder
in 1850 and again patented in 1871. Before this time, and by

Fi1c. 1.—Tongue joint. Fig. 2.—Pivot joint (Alteneder).

other makers during the life of the patent, the heads of compasses
and dividers were made with tongue joints, as illustrated in
Fig. 1, and many of these old instruments are still in existence.
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A modified form of this pin joint is still used for some of the
cheap grades of instruments. The objection which led to the
abandonment of this form was that the wear of the tongue on
the pin gave a lost motion, which may be detected by holding a
leg in each hand and moving them slowly back and forth. This

()
-

Fia. 3.—Sections of pivot joints.

jump or lost motion after a time increases to such an extent as
to render the instrument unfit for use. The pivot joint, Fig. 2,
overcomes this objection by putting the wear on the conical
points instead of the through pin.

Since the expiration of the patent all instrument makers have
adopted this type of head, and several modifications of the

Fic. 4.—The three patterns.

original have been introduced. Sectional views of the different
pivot joints are shown in Fig. 3.

The handle attached to the yoke while not essential to the
working of the joint is of great convenience. Not all instruments
with handles, however, are pivot-joint instruments. Several
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straightener devices for keeping the handle erect have been
devised, but as they interfere somewhat with the smooth work-
ing of the joint, they are not regarded with favor by experienced
draftsmen.

There are three different patterns or shapes in which modern
compasses are made; the regular, the cylindrical and the Richter,
Fig. 4. The choice of shapes is entirely a matter of personal
preference. After one has*become accustomed to the balance

-

Fig. 5.—Test for alignmenﬁ.

and feel of a certain instrument he will not wish to exchange it
for another shape.

A favorite instrument with draftsmen, not included in the
usual college assortment, is the 3 1/2-inch compass with fixed
pencil point, and its companion with fixed pen point.

Compasses may be tested for accuracy by bending the knuckle
joints and bringing the points together as illustrated in Fig. 5.
If out of alignment they should not be accepted.

ividers are made either “plain,” as those in Fig. 4, or “hair-
spring,” shown in Fig. 6. The latter form, which has one leg
with screw adjustment, is occasionally of great convenience and

F1e. 6.—Hairspring dividers.

should be preferred. Compasses may be had also with hair-
spring attachment on the needle-point leg.

Ruling pens (sometimes called right line pens) are made in a
variety of forms. An old type has the upper blade hinged for
convenience in cleaning. It is open to the serious objection
that wear in the joint will throw the nib out of position, and the
only remedy will be to solder the joint fast. The improved form
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has a spring blade opening sufficiently wide to allow of cleaning,
Fig. 7. A number are made for resetting after cleaning. Several
of these are illustrated in Fig. 8 The form shown at (e) is
known as a detail pen or Swede pen. For large work this is a
very desirable instrument. Ivory or bone handles break easily
and on this account should not be purchased. The nibs of the

i )

Fig. 7.—Ruling pen, with spring blade.

pen should be shaped as shown in Fig. 434. Cheap pens often
come from the factory with points too sharp for use, and must be
dressed, as described on page 257, before they can be used.

The set of three spring bow instruments includés bow points
or spacers, bow pencil, and bow pen. There are two designs and
several sizes. The standard shape is illustrated in Fig. 9, the

Il

l
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Fre. 8.—Various pens.

hook spring bow in Fig. 10. Both these styles are made with
a center screw, Fig. 11, but this form has not become popular
among draftsmen. The springs of the side screw bows should
be strong enough to open to the length of the screw, but not so
stiff as to be difficult to pinch together. The hook spring bow
has a softer spring than the regular.
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(2) Drawing boards are made of clear white pine (bass wood
has been used as a substitute) cleated to prevent warping.
Care should be taken in their selection. In drafting-rooms

F16. 10.—Hook-spring bow instruments. Fiac. 11.—Center screw bow.

drawing tables with pine tops are generally used instead of loose
boards.

(3) The T-square with fixed head, Fig. 12, is used for all
ordinary work. It should be of hard wood, the blade perfectly
straight, although it is not necessary that the head be absolutely
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square with the blade. In a long square it is preferable to have
the head shaped as at B. Fig. 13 is the English type, which is
objectionable in that the lower edge is apt to disturb the eyes’
sense of perpendicularity. In an office equipment there should
always be one or more adjustable head squares, Fig. 14. The

% ° |

Fig. 12.—Fixed head T-squares.

T-square blade may be tested for straightness by drawing a sharp
line with it, then reversing the square.

(4) Triangles (sometimes called set squares) are made of pear
wood or cherry, mahogany with ebony edges, hard rubber, and
transparent celluloid. The latter are much to be preferred for

o ’ o |

Fi1ag. 13.—English T-square.

a variety of reasons, although they have a tendency to warp.
Wooden triangles cannot be depended upon for accuracy, and
hard rubber should not be tolerated. For ordinary work a
6”- or 8”-45 degree and a 107-60 degree are good sizes. A small
triangle, 67 1/2 degrees to 70 degrees, will be of value for drawing
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guide lines in slant lettering. Triangles may be tested for
accuracy by drawing perpendicular lines as shown in Fig. 15.
The angles may be.proven by constructing 45- and 60-degree
angles geometrically.

. la)

— ’ I/ l
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F.IG. 15.—~To test a triangle.

(5) Scales.

There are two kinds of modern scales, the “engineers’ scale”
of decimal parts, Fig. 16, and the “architects’ scale” of propor-
tional feet and inches, Fig. 17. The former is used for plotting
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and map drawing, and in the graphic solution of problems, the
latter for all machine and structural drawings. Scales are
usually made of boxwood, sometimes of metal or paper, and of
shapes shown in section in Fig. 18. The triangular form (a) is
perhaps the commonest. Its only advantage is that it has more

Fig. 16.—Engineers’ scale.

scales on one stick than the others, but this is offset by the delay
in finding the scale wanted. Flat scales are much more con-
venient, and should be chosen on this account. Three flat scales
are the equivalent of one triangular scale. The “opposite bevel”
scale (e) is easier to pick up than the regular form (d). Many

NSO N O W - N O P .

F16. 17.—Architects’ scale.

professional draftsmen use a set of 6 or 8 scales, each graduated
in one division only, as Fig. 19.

For the student two 12” flat scales, one graduated in inches
and sixteenths, and 3” and 1 1/2”, the other 17, 1/2”, 1/4”, 1/8",
will serve for all ordinary work. The usual triangular scale

AN NN

P
Fi1a. 18.

contains in addition to these, 3/4”, 3/8”, 3/16” and 3/32”, and
third flat scale with these divisions may be added when needed.

(6) The best thumb tacks are made with thin German silver
head and steel point screwed into it (a) Fig. 20, and cost as high
as seventy-five cents a dozen. The ordinary stamped tacks (b)



THE SELECTION OF INSTRUMENTS 13

thirty cents a hundred answer every purpose. Tacks with com-
paratively short, tapering pins should be chosen. Instead of
thumb tacks many draftsmen prefer 1/2- or 1-0z. copper tacks,
but they are not recommended for students’ use.

(7) Drawing pencils are graded by letters from 6B (very soft
and black) 5B, 4B, 3B, 2B, B, HB, F, H, 2H, 3H, 4H, 5H, H,
to 8H (extremely hard). TFor line work 6H is generally used.
A softer pencil (2H) should be used for lettering, sketching and

RN RIS I T T VA W A VIR
1
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Fig. 19.—Single scale from a set.

penciling not to be inked. Koh-i-noor or Faber are recom-
mended. Many prefer a holder known as an “artists’ pencil.”

(8) A sandpaper pencil pointer or flat file should always be at
hand for sharpening the leads.

(9) Drawing ink is finely ground carbon in suspension, with
shellac added to render it waterproof. The non-waterproof ink
flows more freely, but smudges very easily.

Formerly all good drawings were made with stick ink, rubbed
up for use with water in a slate slab, and for very fine line work
this is still preferred as being superior to liquid ink. When

used in warm weather a few drops of acetic acid or oxgall should
be added to prevent flies from eating it. A fly can eat up a line
made of good Chinese ink as fast as it leaves the pen.

(10) The penholder should have a cork grip small enough to
enter the mouth of ink bottle. An assortment of pens for letter-
ing, grading from coarse to fine may be chosen from the following:

(Coarse) Leonardt’s ball points 506 F, 516 F, 516 EF, or Gillott
1032, 1087, Spencerian No. 21, Esterbrook 788, 802, 805.
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(Medium) Spencerian No. 1, Gillott 604, 1050.

(Fine) Gillott No. 1, 303, 170.

(Very fine) For mapping and similar work, Gillott 431, 290,
291 and tit quill.

A penwiper of lintless cloth or thin chamois skin should always
be at hand for both writing and ruling pens.

F1g. 21.—Curve.

(11) Curved rulers, called irregular curves, or French curves,
are used for curved lines other than circle ares. Celluloid is the
only material to be considered. The patterns for these curves
are laid out in parts of ellipses and spirals or other mathematical
curves in combinations which will give the closest approximation
to curves likely to be met with in practice. For the student, one
ellipse curve, of the general shape of Fig. 21, and one spiral,

Fic. 22.—Logarithmic spiral curve.

either a log. spiral, Fig. 22, or one similar to the one used in Fig.
65, will be sufficient. It has been found by experiments that
the curve of the logarithmic spiral is a closer approximation to
the eycloid and other mathematical curves than any other simple
curve.

Sometimes it is advisable for the draftsman to make his own
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templet for special or recurring curves. These may be cut out
of thin holly or bass wood, sheet lead, celluloid, or even card-
board or pressboard.

Flexible curved rulers of different kinds are sold. A copper
wire or piece of wire solder has been used as a home-made
substitute.

The curve illustrated in Fig. 23 has been found particularly
useful for engineering diagrams, steam curves, ete. It is plotted
on the polar equation r =4 cos 0 + K, in whlch A may be
about 5 1/2” and K 8”.

(12) The ruby pencil eraser is the favorite at present. One
of large size, with beveled end is preferred. This eraser is much

Fia. 23.

better for ink than a so-called ink eraser, as it will remove the
ink perfectly without destroying the surface of paper or cloth.
A piece of soft “ H” rubber, or sponge rubber is useful for cleaning
paper.

(13) Drawing paper is made in a variety of qualities, white for
finished drawings and cream or buff tint for detail drawings.
It'may be had either in sheets or rolls. In general, paper should
have sufficient grain to “tooth” to take the pencil, be agreeable
to the eye, and have good erasing qualities. In white paper the
brands known as ‘“Normal” and ‘“Napoleon” have these
qualities. For wash drawings Whatman’s paper should be used,
and for fine line work for reproduction Reynold’s Bristol board.
These are both English papers in sheets, whose sizes may be
found listed in any dealer’s catalogue. Whatman’s is a hand-
made paper in three finishes, H, C.P., and R, or hot pressed,
cold pressed, and rough; the first for ﬁne line drawmgs, the second
for either ink or color, and the third for water color sketches.
The paper in the larger sheets is heavier than in the smaller sizes,
hence it is better to buy large sheets and cut them up. Bristol
board is a very smooth paper, made in different thicknesses,
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draftsman is expected to take with him into a commercial
drafting room.

There are many other special instruments and devices not
necessary in ordinary work. With some of these the draftsman

Fig. 27.—Lettering pens.

should be familiar, as they may be very convenient in some
special cases, and are often found as part of a drafting room
equipment.

The railroad pen is used for double lines. In selecting this

Fic. 28.—Proportional dividers.

pen notice that the pens are turned as illustrated in Fig. 24.
Most forms have the pens in opposite directions. A much better
pen for double lines up to 1/4” apart is the border pen, Fig. 25,
as it can be held down to the paper more satisfactorily. It may

LFO3 12} 58 =J

j

Fi1g. 29.—Beam compass.

be used for very wide solid lines by inking the middle space as
well as the two pens.
~ The curve pen, Fig. 26, made with a swivel, for freehand curves,
contours, ete., is of occasional value.
2
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Payzant pens, Fig. 27A, for large single stroke lettering save a
great deal of time. They are made in sizes from 1 to 0. Fig.
27B is the Shepard pen, made for the same purpose.

Proportional dividers, for enlarging or reducing in any propor-

sy )
////'l

Fi1ac. 30.—Drop pen.

tion, Fig. 28, are used in map work, patent office drawings, etc.
The divisions marked “lines” are linear proportions, those
marked “circles” give the setting for dividing a circle whose
diameter is measured by the large end into the desired number
of equal parts.

F1a. 31.—Protractor.

The beam compass is used for circles larger than the capacity
of the compass and lengthening bar. A good form is illustrated

in Fig. 29. The bar with shoulder prevents the parts from
turning or falling off.
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With the “drop pen” or rivet pen smaller circles can be made,
and made much faster than with the bow pen. It is held as
shown in Fig. 30, the needle point stationary and the pen revolving
around it. Itis of particular convenience in bridge and structural
work, and in topographical drawing.

Fic. 32.—Section liner.

A protractor is a necessity in map and topographical work.
A semicircular brass or German silver one, 6” diameter, such as
Fig. 31, will read to half degrees. They may be had with an arm
and vernier reading to minutes?

D i

N ] N
Fig. 33.—Section lining devices.

Section lining or “cross hatching” is a difficult operation for
the beginner, but is done almost automatically by the experienced
draftsman. Several instruments for mechanical spacing have
been devised. For ordinary work they are not worth the trouble
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of setting up, and a draftsman should never become dependent
upon them, but they are of limited value for careful drawing for
reproduction. One form is shown in Fig. 32.

A home-made device may be made of a piece of thin wood or

Fie. 34.—Universal drafting machine.

celluloid cut in one of the shapes shown in Fig. 33, and used by
slipping the block and holding the triangle, then holding the
block and moving the triangle.

There are several machines on the market designed to save time

Fi6. 35.—Dotting pen.

and trouble in drawing. The best known is the Universal
Drafting Machine illustrated in Fig. 34. This machine, which
combines the functions of T-square, triangle, scale and protractor,
has had the test of ten years’ use, and is used extensively in large
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drafting rooms, and by practising engineers and architects. It
has been estimated that 259, of time in machine drawing and
over 50 %, in civil engineering work is saved by its use.

Vertical drawing boards with sliding parallel straight edges
are preferred by some for large work.

Frg. 36. Fic. 37.

Several kinds of dotting pens have been introduced. The
one illustrated in Fig. 35 is perhaps the best. When carefully
handled it works successfully, and will make five different kinds
of dotted and dashed lines. The length of the short dots may

Fic. 38. Fia. 39.

‘be varied by a slight inclination of the handle. For special work
requiring a great many dotted lines it might prove to be a good
investment.

A number of different forms of patented combination *tri-






CHAPTER III.
Tue UsE oF INSTRUMENTS.

In beginning the use of drawing instruments particular atten-
tion should be paid to correct method in their handling. There
are many instructions and cautions, whose reading may seem
tiresome, and some of which may appear trivial, but the striet
observance of all these details is really necessary, if one would
become proficient in the art.

Facility will come with continued practice, but from the outset
good form must be insisted upon. One might learn to write
fairly, holding the pen between the fingers or gripped in the closed
hand, but it would be poor form. It is just as bad to draw in
poor form as to write in poor form. Bad form in drawing is
distressingly common, and may be traced in every instance to
lack of care or knowledge at the beginning, and the consequent
formation of bad habits. These habits when once formed are
most difficult to overcome.

All the mechanical drawing we do serves incidentally for
practice in the use of instruments, but it is best for the beginner
to learn the functions and become familiar with the handling and
feel of each of his instruments by drawing two or three plates
designed solely for that purpose, so that when real drawing
problems are assigned the use of the instruments will be easy and
natural, and there need be no distraction nor loss of time on
account of correction for faulty manipulation.

Thus while the drawings are worth nothing when finished
except to show the student’s proficiency and skill, some such
figures as those on pages 42 and 45 should be practised until he
feels a degree of ability and assurance, and is not afraid of his
instruments.

As these figures are for discipline and drill, the 1nstruct0r should
not accept a plate with the least maccuracy, blot, blemish, or
indication of ink erasure. It is a mistaken kindness to the
beginner to accept faulty or careless work. The standard set at
this time will be carried through his professional life, and he

23



24 ENGINEERING DRAWING

should learn that a good drawing can be made just as quickly
as a poor one. FErasing is expensive and mostly preventable,
and the student allowed to continue in a careless way will grow
to regard his eraser and jack knife as the most important tools
in his kit. The draftsman of course erases an occasional mistake,
and instructions in making corrections may be given later in
the course, but these first plates must not be erased.

Preparation for Drawing. ,

The drawing table should be set so that the light comes from
the left, and adjusted to a convenient height for standing, that
is, from 36 to 40 inches, with the board inclined at a slope of
about 1 to 8. One may draw with more freedom standing than
sitting.

The Pencil.

The pencil must be selected with reference to the kind of paper
used. For line drawing on paper of such texture as ¢ Normal”’
a pencil as hard as 6H may be used, while on Bristol, for example,
a softer one would be preferred. Sharpen it to a long point as
in Fig. 41 removing the wood with the penknife and sharpening
the lead by rubbing it on the sand paper pad. A flat or wedge

F1e. 41.—A wedge point.

point will not wear away in use as fast as a conical point, and on
that account is preferred for straight line work by most drafts-
men. By oscillating the pencil slightly while rubbing the lead
on two opposite sides, an elliptical section is obtained. A softer
pencil (2H) should be at hand, sharpened to a long conical point
for sketching and lettering. Have the sand paper pad within
reach and keep the pencils sharp. Pencil lines should be made
lightly, but sufficiently firm and sharp to be seen distinctly
without eye strain, for inking or tracing. The beginner’s usual
mistake in using a hard pencil is to cut tracks in the paper. Too |
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much emphasis cannot be given to the importance of clean,
careful, accurate penciling. Never permit the thought that poor
penciling may be corrected in inking.

The T-Square.

The T-square is used only on the left edge of the drawing
board (an exception to this is made in the case of a left-handed
person, whose table should be arranged with the light coming
from the right and the T-square used on the right edge).

Since the T-square blade is more rigid near the head than
toward the outer end, the paper, if much smaller than the size
of the board, should be placed close to the left edge of the board
(within an inch or so) with its lower edge several inches from the
bottom. With the T-square against the left edge of the board,

Fic. 42.

square the top of the paper approximately, hold in this position,
slipping the T-square down from the edge, and put a thumb tack
in each upper corner, pushing it in up to the head; move the
T-square down over the paper to smooth out possible wrinkles
and put thumb tacks in the other two corners.

The T-square is used manifestly for drawing parallel horizontal
lines. These lines should always be drawn from left to right,
consequently points for their location should be marked on the
left side; vertical lines are drawn with the triangle set against
the T-square, always with the perpendicular edge nearest the
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head of the square and toward the light. These lines are always
drawn up from bottom to top, consequently their location points
should be made at the bottom.

In drawing lines great care must be exercised in keeping them
accurately parallel to the T-square or triangle, holding the peneil
point lightly, but close against the edge, and not varying the
angle during the progress of the line.

The T-square is adjusted by holding it in the position either
of Fig. 42 the thumb up, and fingers touching the board under

the head, or of Fig. 43, the fingers on the blade and the thumb on
the board. In drawing vertical lines the T-square is held in
position against the left edge of the board, the thumb on the
blade, while the fingers of the left hand adjust the triangle, as
illustrated in Fig. 44. One may be sure the T-square is in contact
with the board by hearing the little double click as it comes
against it.

Laying off the Drawing.

The paper is usually cut somewhat larger than the desired
size of the drawing, and is trimmed to size after the work is
finished. Suppose the plate is to be 9” x 12” with a half-inch
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border. Near the lower edge of the paper draw a horizontal line,
and near the left edge a vertical line. If the lower left-hand
corner of the board is known to be square these long vertical
lines may be drawn with the T-square thrown around against
the lower edge. With the scale flat on the paper mark off on
these lines the length and width of the finished plate, and points

Fic. 44.

for the border 1/2” inside these marks. Draw lines through these
points giving the trimming line and the border line. These
“points” should not be dots, or holes bored with the pencil, but
short, light dashes.

Use of Dividers.

Suppose the space inside the border is to be divided into six
equal parts by bisecting the left border line and dividing the
lower border line into three parts. These divisions are made not
with the scale but with the dividers. Facility in the use of this
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instrument is most essential, and quick and absolute control of
its manipulation must be gained. It should be opened with one
hand by pinching in the chamfer with the thumb and second
finger. This will throw it into correct position with the thumb
and forefinger on the outside of the legs and the second and third
finger on the inside, with the head resting just above the second
joint of the forefinger, Fig. 45. It is thus under perfect control,

Fia. 45.

with the thumb and forefinger to close it and the other two to
open it. This motion should be practised until an adjustment
to the smallest fraction can be made. In coming down to small
divisions the second and third fingers must be gradually slipped
out from between the legs while they are closed down upon them.

To Divide a Line, by Trial.

In bisecting a line the dividers are opened roughly at a guess
to one-half the length. This distance is stepped off on the line,
holding the instrument by the handle with the thumb and fore-
finger. If the division be short the leg should be thrown out to
one-half the remainder, estimated by the eye, without removing
the other leg from its position on the paper, and the line spaced
again with this setting, Fig. 46. If this should not come out
exactly the operation may be repeated. With a little experience
a line may be divided in this way very rapidly. Similarly a line
may be divided into any number of equal parts, say five, by
estimating the first division, stepping this lightly along the
line, with the dividers held vertically by the handle, turning the
instrument first in one direction and then in the other. If the
last division fall short, one-fifth of the remainder should be added
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by opening the dividers, keeping the one point on the paper.
If the last division be over, one fifth of the excess should be taken
off and the line respaced. If it is found difficult to make this
small adjustment accurately with the fingers, the hairspring
may be used. It will be found more convenient to use the bow
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Fic. 46.—Bisecting a line.

spacers instead of the dividers for small or numerous divisions.
Avoid pricking unsightly holes in the paper. The position of a
small prick point may be preserved if necessary by drawing a
little ring around it with the pencil.

Use of the Triangles.

We have seen that vertical lines are drawn with the triangle
set against the T-square, Fig. 44. Usually the 60-degree triangle
is used, as it has the longer perpendicular. In both penciling and
inking, the triangles should always be used in contact with a
guiding straight-edge. ’

With the T-square against the edge of the board, lines at 30
degrees, 45 degrees and 60 degrees may be drawn as shown in
Fig. 47, the arrows showing the direction of motion. The two
triangles may be used in combination for angles of 15, 75, 105
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of a triangle to it, with one edge against the T-square or other
triangle, hold the T-square in position and turn the triangle until
its other side is against the edge, the hypothenuse will then be
perpendicular to the line. Move it to the required position.

Fi1g. 49.—To draw parallel lines.

Never attempt to draw a perpendicular to a line by merely
placing one leg of the triangle against it. Never work to the
extreme corner of a triangle, but keep the T-square away from
the line. 7

F1c. 50.—To draw perpendicular lines.

Use of the Compasses.

The compass has the same general shape as the dividers and
is manipulated in a similar way. Its needle point should first
of all be adjusted by turning it with the shoulder point out,
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inserting the pen in the place of the pencil leg and setting the
needle a trifle longer than the pen. The needle point should be
kept in this position so as to be always ready for the pen, and the
lead adjusted to it. The lead should be sharpened on the sand

paper to a fine wedge or long bevel point. Radii should be
pricked off or marked on the paper and the pencil leg adjusted to
the points. The needle point may be guided to the center with
the little finger of the left hand, Fig. 51. When the lead is

Fic. 52.

adjusted to pass exactly through the mark the right hand should
be raised to the handle and the circle drawn (clockwise) in one
sweep by turning the compass, rolling the handle with the thumb
and forefinger, inclining it slightly in the direction of the line,
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Fig. 52. The position of the fingers after the revolution is illus-
trated in Fig. 53. Circles up to perhaps three inches in
diameter may be drawn with the legs straight but for larger
sizes both the needle-point, leg and the pencil leg should be turned
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Fic. 54.
at the knuckle joints so as to be perpendicular to the paper,
Fig. 54. The 5 1/2-inch compass may be used in this way for

circles up to perhaps ten inches in diameter; larger circles are
made by using the lengthening bar, as illustrated in Fig. 55. In

Fic. 55.—Use of lengthening bar.

drawing concentric circles the smallest should always be drawn
first.

The bow instruments are used for small circles, particularly
when a number are to be ma he.same diameter. In chang-
3

.
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ing the setting, to avoid wear and final stripping of the thread,
the pressure of the spring against the nut should be relieved by
holding the points in the left hand and spinning the nut in or out
with the finger. Small adjustments should be made with one
hand, with the needle point in position on the paper, Fig. 56.
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Fic. 56.

Use of the Scale.

In representing objects which are larger than can be drawn to
their natural or full size it is necessary to reduce the dimensions
on the drawing proportionately, and for this purpose the archi-
tects’ scale is used. The first reduction is to what is commonly
called half size or correctly speaking, to the scale of 6”=1; that
is, each dimension is reduced one-half. This scale is used in
working drawings even if the object be only slightly larger than
could be drawn full size, and is generally worked with the full-
size scale, halving the dimensions mentally. If this scale is too
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Fre. 57.

large for the paper the drawing is made to the scale of three
inches to the foot, often called “quarter size,” that is, three inches
measured on the drawing is equal to one foot on the object.
This is the first scale of the usual commercial set, on it the

distance of three inches is divided into twelve equal parts and
each of these subdivided into eighths. This distance should

® »



THE USE OF INSTRUMENTS 35

be thought of not as three inches but as a foot divided into inches
and eighths of inches. It is noticed that this foot is divided with
the zero on the inside, the inches running to the left and the feet
to the right, so that dimensions given in feet and inches may be
read directly, as 2 ft. 7 1/8”, Fig. 57. On the other end will be
found the scale of 11/2 inches equals one foot, or eighth size,
with the distance of one and one-half inches divided on the right
of the zero into twelve parts and subdivided into quarter inches,
and the foot divisions to the left of the zero, coinciding with the
marks of the 3” scale.

If the 1 1/2” scale is too large for the object, the next commer-
cial size is to the scale of one inch equals one foot, and so on
down as shown in the following table.

Full size 3/4"7 =1
Scale 6”7 =1 127 =17
4”7 =1’ (rvarely used) 3/8" =1’
v = 14" =1
27 =1 (rarely used) 3/16"=1"
11 /2" =V 1/8 =V
17 =V 3/32" =1’

The scale 1/4” equals 1 ft. is the usual one for ordinary house
plans and is often called by architects the “quarter scale.”
This term should not be confused with the term “quarter size,”
as the former means 1/4” to 1 ft. and the latter 1/4” to 1 inch.

A circle is generally given in terms of its diameter. To draw
it the radius is necessary. In drawing to half size it is thus often
convenient to lay off the amount of the diameter with a 3-in.
scale and to use this distance as the radius.

As far as possible successive measurements on the same line
should be made without shifting the scale.

For plotting and map drawing the “engineers’ scale” of deci-
mal parts 10, 20, 30, 40, 50, 60, 80, 100 to the inch, is used.
This scale should never be used for machine or structural work.
Inking.

After being penciled, drawings are finished either by inking
on the paper, or in the great majority of work, by tracing in ink
on tracing cloth. The beginner should become proficient in
inking both on paper and cloth.

The ruling pen is never used freehand, but always in connec-
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tion with a guiding edge, either T-square, triangle, straight-edge
or curve. The T-square and triangle should be held in the same
positions as for penclhng It is bad practice to ink with the
triangle alone.

To fill the pen take it to the bottle and touch the quill filler
between the nibs, being careful not to get any ink on the outside
of the blades. Not more than three-sixteenths of an inch should
be put in or the weight of the ink will cause it to drop out in a
blot. The pen should be held as illustrated in Fig. 58, with the
thumb and second finger in such position that they may be used
in turning the adjusting screw, and the handle resting on the

F1c. 58.—Holding the pen.

forefinger. This position should be observed carefully, as the
tendency will be to bend the second finger to the position in
which a pencil or writing pen is held, which is obviously conveni-
ent in writing to give the up stroke, but as this motion is not
required with the ruling pen the position illustrated is preferable.

For full lines the screw should be adjusted to give a strong line,
of the size of the first line of Fig. 62. A fine drawing does not
mean a drawing made with fine lines, but with uniform lines,
and accurate joints and tangents.

The pen should be held against the straight edge with the
blades parallel to it, the handle inclined slightly to the right and
always kept in a plane through the line perpendicular to the
paper. The pen is thus guided by the upper edge of the ruler,
whose distance from the pencil line will therefore vary with its
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thickness, and with the shape of the under blade of the pen, as
illustrated in enlarged scale in Fig. 59. If the pen is thrown out
from the perpendicular as at B it will run on one blade and a line
ragged on one side will result. If turned in from the perpendicu-
lar as at C the ink is very apt to run under the edge and cause a
blot.

A line is drawn with a whole arm movement, the hand resting
on the tips of the third and fourth fingers, keeping the angle of
inclination constant. Just before reaching the end of the line
the two guiding fingers on the straight edge should be stopped,

F1g. 59.—Correct position at A.

and, without stopping the motion of the pen, the line finished
with a finger movement. Short lines are drawn with this finger
movement alone. When the end of the line is reached lift the
pen quickly and move the straight edge away from the line.
" The pressure on the paper should be light, but sufficient to give
a clean cut line, and will vary with the kind of paper and the
sharpness of the pen, but the pressure against the T-square should
be-only enough to guide the direction.

If the ink refuses to flow it is because it has dried and clogged
in the extreme point of the pen. This clot or obstruction may
be removed by touching the pen on the finger, or by pinching the
blade slightly, breaking it up. If it still refuses to start it should
be wiped out and fresh ink added. The pens must be wiped clean
after using or the ink will corrode the steel and finally destroy
them.
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Instruetions in regard to the ruling pen apply also to the com-
pass pen. It should be kept perpendicular by using the knuckle
joint, and the compass inclined slightly in the direction of the
line. In adjusting the compass for an arc which is to conneet
other lines the pen point should be brought down very close to
the paper without touching it to be sure that the setting is exactly
right.

1t is a universal rule in inking that circles and circle ares must
be drawn first. It is much easier to connect a straight line to a
eurve than a curve to a straight line.

A ~or B

F1a. 60.

It should be noted particularly that two lines are tangent to
each other when their centers are tangent, and not when the
lines s1mply touch each other, thus at the point of tangency the
width will be equal to the width of a single line, Fig. 60 A.

After reading these paragraphs the beginner had best take a
blank sheet of paper and cover it with ink lines of varying lengths
and weights, practising starting and stopping on penciled limits,
until he feels acquainted with the pens. If in his set there are
two pens of different sizes the larger one should be used, as it fits
the hand of the average man better than the smaller one, holds
more ink, and will do just as fine work.

Faulty Lines.

If inked lines appear imperfect in any way the reason should
be ascertained immediately. It may be the fault of the pen, the
ink, the paper, or the draftsman, but with the probabilities
greatly in favor of the last. Fig. 61 illustrates the characteristic
appearance of several kinds of faulty lines. The correction in
each case will suggest itself.
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High-grade pens usually come from the makers well sharpened.
Cheaper ones often need dressing before they can be used satis-
factorily. If the pen is not working properly it must be sharp-
ened as described in Chapter XIV, page 257.
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F1c. 61.—~Faulty lines.

The Alphabet of Lines.

As the basis of the drawing is the line, a set of conventional
symbols covering all the lines needed for different purposes may
properly be called an alphabet of lines. There is as yet no
universally adopted standard, but the following set is adequate,
and represents the practice of a majority of the larger concerns
of this country.

(1) Visible outline.
————————————— (2) Invisible outline.
(3) Center line.

(3a) Center line, in pencil.

)

b= >3 >'1 (4) Dimension line.

(5) Extension line.

(6) Alternate position.

____________________ (7) Line of motion.

(8) Cutting plane.

== == «- .o 22 -- —-(9 “Ditto” orrepeat line.

D o e WW\* (10) Broken material.

4 A- e (11) Limiting break.

(12) Cross-hatching line.
Fic. 62.—The alphabet of lines.
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It is of course not possible to set an absolute standard of weight
for lines, as the proper size to use will vary with different kinds

Center lne
3-0"
! Dimenson //ﬂz—/

reeeer
& Liine of motor

F1e. 63.—The alphabet illustrated.

and sizes of drawings, but it is possible to maintain a given
proportion. '

Visible outlines should be strong full lines, at least one-sixty-
fourth of an inch on paper drawings, and even as wide as one-

- 26"

\'_9””‘.""’”” Z ) N [~ Externsion line
L + ¥ T g ¥ ]; $ ;
L] 3
. = Visibig ol 174
] [
NI
L O 2% T L . 9
7L =" ——4@/’”&#’* T
=) L L1
| |
L conter nme —Limiting broak
Cross-notching fires Won treck.

Broker malerio!

Fi16. 64.—The alphabet illustrated.

thirty-second of an inch on tracings. The other lines should
contrast with this line in about the proportion of Fig. 62.
Dash lines, as (2) and (7), should always have the space between
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dashes much shorter than the length of the dash. Figs. 63 and
64 illustrate the use of the alphabet of lines.

The Use of the French Curve.

The French curve, as has been stated on page 14, is a ruler for
non-circular curves. When sufficient points have been deter-
mined it is best to sketch in the line lightly in pencil freehand,
without losing the points, until it is clean, smooth, continuous,
and satisfactory to the eye. The curve should then be applied
to it, selecting a part that will fit a portion of the line most nearly,
and noting particularly that the curve is so laid that the direction
of its increase in curvature is in the direction of increasing curv-
ature of the line, Fig. 65. In drawingthe part of the line matched

~—_—

F1a. 65.—Use of the curve.

by the curve, always stop a little short of the distance that seems
to coincide. After drawing this portion the curve is shifted to
find another part that will coincide with the continuation of the
line. In shifting the curve care should be taken to preserve the
smoothness and continuity and to avoid breaks or cusps. This
may be done if in its successive positions the ecurve is always
adjusted so that it conincides for a little distance with the part
already drawn. Thus at each joint the tangents must coincide.

If the curved line is symmetrical about an axis, after it has
been matched accurately on one side, marks locating the axes
may be made in pencil on the curve and the curve reversed. In
such a case exceptional care must be taken to avoid a “hump” at
the joint. It is often better to stop a line short of the axis on
each side and to close the gap afterwards with another setting of
the curve.
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When inking with the curve the pen should be held perpen-
dicularly and the blades kept parallel to the edge. Inking curves
will be found to be excellent practice.

Sometimes, particularly at sharp turns, a combination of
circle ares and curve may be used, as for example in inking an
eccentric ellipse, the sharp curves may be inked by selecting a
center on the major axis by trial, and drawing as much of an are
as will practically coincide with the ends of the ellipse, then
finishing the ellipse with the curve.

The experienced draftsman will sometimes ink a curve that
cannot be matched accurately, by varying the distance of the
pen point from the ruling edge as the line progresses, but the
beginner should not attempt it.

Exercises in the Use of Instruments.

The twelve following figures are given simply as a typical set
of progressive exercises for practice in the use of the instruments.
More or fewer may be used according to the student’s evidence
of ability. The geometrical figures of Chapter IV may be used
for the same purpose.

Fic. 66. ' Fia. 67. Fic. 68.

Lay off a 9”7 x 12” plate, with 1/2” border. Divide the space
inside the border into six equal parts, with the dividers. Locate
the center of each space by drawing short intersecting portions
of its diagonals.

Fig. 66. An Exercise for the T-square, Triangle and Scale.
Through the center of the space draw a horizontal and a
vertical line, measuring on these lines as diameters lay off
a three-inch square. Along the lower side and the upper
half of the left side measure 3/8” spaces with the scale. Draw
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all horizontal lines with the T-square and all vertical lines
with the T-square and triangle.

Fig. 67. A “Swastika.” For T-square, triangle and dividers.
Draw three-inch square. Divide left side and lower side
into five equal parts with the dividers. Draw horizontal
and vertical lines across the square through these pomta
Erase the parts not needed.

Fig. 68. Converging Lines. Draw three-inch square. Draw
lines AB, BC, DE and EF at 30 degrees. Divide lower side
into seven equal parts, with the dividers. Draw the vertical
lines, and mark divisions on AC with the pencil as each line

[

e el Y

Fia. 69. Fic. 70. Fia. 71.

is drawn. Through the division points on top and bottom
draw the converging lines using the triangle alone as a
straight-edge.

Fig. 69. A Hexagonal Figure. For 30° 60° triangle and bow

points (spacers).
Through the center of the space draw the three construction
lines, AB vertical, DE and FG at 30 degrees. . Measure CA
and CB 1 1/2” long. Draw AE, AF, DB, and BG at 30
degrees. Complete hexagon by drawing DF and GE
vertical. Set spacers to 3/32”. Step off 3/32” on each side
of the center lines, and 3/16” from each side of hexagon.
Complete figure as shown, with triangle against T-square.

Fig. 70. A Street Paving Intersection. For 45-degree triangle and
scale. '
An exercise in starting and stopping short lines. Draw
three-inch square. Draw diagonals with 45-degree triangle.
With scale lay off 3/8” spaces along the diagonals, from
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their intersection. With 45-degree triangle complete figure,
finishing one-quarter at a time.

Fig. 71. A Maltese Cross. For T-square, spacers, and both
triangles. ' /
Draw three-inch square and one-inch square. From the
corners of inner square draw lines to outer square at 15
degrees and 75 degrees, with the two triangles in combina-
tion. Mark points with spacers 3/16” inside of each line of
this outside cross, and complete figure with triangles in
combination.

-
-

e ————
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Fia. 72. Fic. 73. Fie. 74.

Fig. 72. Concentric Circles. For compass (legs straight) and

scale.
Draw horizontal line through center of space. On it mark
off radii for six concentric cireles 1/4” apart. In drawing
concentric circles always draw the smallest first. The
dotted circles are drawn in pencil with long dashes, and
inked as shown.

Fig. 73. Concentric Arcs. For compass (knuckle joints bent).
On horizontal center line mark off eleven points 1/4” apart,
beginning at left side of space. Draw horizontal limiting

. lines (in pencil only) 1 1/2” above and below center line.

Tig. 74. Concentric Arcs. For compass and lengthening bar.
On horizontal center line mark off eight points 3/8” apart,
beginning at right side of space Center of arcs is centér of
Fig. 72. »

Tig. 75. Tangent Arcs. For accuracy with compass and dividers.
Draw a circle three inches in diameter. Divide the circum-
ference into five equal parts by trial with dividers. From
these points draw radial lines and divide each into four
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equal parts with spacers. With these points as centers
draw the semicircles as shown. The radial lines are not to
be inked.

76. Tangent Circles and Lines. For accuracy with compass
and triangles. '

On base AB, 3 1/2” long construct an equilateral tri-
angle, using the 60-degree triangle. Bisect the angles
with the 30-degree angle, extending the bisectors to the
opposite sides. With these middle points of the sides as
centers and radius equal to 1/2 the side, draw arcs cutting
the bisectors. These intersections will be centers for the

Fra. 77,

inscribed circles. With centers on the intersection of
these circles and the bisectors, round off the points of the
triangle as shown. !
Remember the rule that ecircles are inked before straight
lines. Construction lines are not to be inked.

77. Tangents to Circle Arcs. For bow compasses.

Draw one and one-half inch square about center of space.
Divide AE into four 3/16” spaces, with scale. With bow
penecil and centers A, B, C, D draw four semicircles with
3/8” radius and so on. Complete figure by drawing the
horizontal and vertical tangents as shown.
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A PAGE OF CAUTIONS.

Never use the scale as a ruler.

Never draw with the lower edge of the T-square.

Never cut paper with a knife and the edge of the T-square as a
guide.

Never use the T-square as a hammer.

Never put either end of a pencil in the mouth.

Never jab the dividers into the drawing board.

Never oil the joints of compasses.

Never use the dividers as reamers or pincers or picks.

Never take dimensions by setting the dividers on the scale.

Never lay a weight on the T-square to hold it in position.

Never use a blotter on inked lines.

Never screw the nibs of the pen too tight.

Never run backward over a line either with pencil or pen.

Never leave the ink bottle uncorked.

Never hold the pen over the drawing while filling.
Never dilute ink with water. If too thick throw it away. (Ink
once frozen is worthless afterward.) ‘
Never try to use the same thumb tack holes when putting paper
down a second time.

Never scrub a drawing all over with the eraser after finishing.
It takes the life out of the inked lines.

Never begin work without wiping off table and instruments.

Never put instruments away without cleaning. This applies
with particular force to pens.

Never put bow instruments away without opening to relieve the
spring. :

Never fold a drawing ér tracing.

Never use cheap materials of any kind.

-



CHAPTER 1V.
ApprLIED GEOMETRY.

With the aid of a straight-edge and compass all pure geo-
metrical problems may be solved. The principles of geometry
are constantly used in mechanical drawing, but as the geometrical
solution of problems and construction of figures differs in many
cases from the draftsman’s method, equipped as he is with
instruments for gaining time and accuracy, such problems are
not included here. For example, there are several geometrical
methods of erecting a perpendicular to a given line, in his ordinary
practice the draftsman equipped with T-square and triangles
uses none of them. The application of these geometrical methods
might be necessary oceasionally in work where the usual drafting
instruments could not be used, as for example in laying out full
size sheet metal patterns on the floor. It is assumed that
students using this book are familiar with the elements of plane
geometry and will be able to apply their knowledge. If a par-
ticular problem is not remembered, it may readily be referred to
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A\
PRy \
v
< \ N
= \
SN \ N
< \\ N N
Fid A By \
v . \ \ N
- \ \
N\ X N N R
Ry \ \ N \

Fic. 78.

in any of the standard hand-books. There are some construc-
“tions however with which the draftsman should be familiar as
they will oeccur more or less frequently in his work. The few
problems in this chapter are given on this account, and for the
excellent practice they afford in the accurate use of instruments
as well. :

The “trial method” of dividing a line was explained in the
previous chapter. A convenient geometrical method is illus-
trated in Fig. 78. To divide the line AB into (say) five equal

47 :
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parts, draw any line AC indefinitely, on it step off five divisions
of convenient length, connect the last point with B, draw lines
through the points parallel to C'B intersecting A B, using triangle
and straight-edge.

To transfer a given polygon A BCD to a new base A’’, Fig. 79.
With radii AC and BC describe intersecting arcs from centers
A’B’, locating the point €’. Similarly with radii AD and BD

E £

Fia. 79.

locate the point D’. Connect BC and CD, and continue the
operation.

To inscribe a regular octagon in a given square, Fig. 80. Draw
the diagonals of the square. With the corners of the square as
centers and radius of half the diagonal draw arcs intersecting
the sides of the square and connect these points.

To draw a circular arc through three given points 4, B, and C,

Fic. 81.

Fig 81. Join 4B and BC, bisect AB and BC by perpendiculars.
Their intersection will be the center of the required circle.

To draw an arc of a given radius R tangent to two given lines
AB and CD, Fig. 82. Draw lines parallel to AB and CD at
distance R from them. The intersection of these lines will be
the center of the required arc.

To draw a reverse or ‘“‘ogee’’ curve connecting two parallel
lines AB and CD, Fig. 83. Erect perpendiculars at B and C.

3
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Any arcs tangent to the lines must have their centers on these
perpendiculars. Join B and C by a straight line. Assume point
E on this line through which the curve is desired to pass, and
bisect BE and EC by perpendiculars. Any arc to pass through
B and E must have its center on a perpendicular at the middle
point. The intersection therefore of these perpendiculars with
the two first perpendiculars will be the centers for arcs BE and

7
(il

7z

’

Fia. 82. . Fic. 83.

EC. This line might be the center line for a curved road or pipe.
To lay off on a straight line the approximate length of a circle-
arc, Fig. 84. Let AB be the given arc. At A draw the tangent
AD and chord AB produced. Lay off AC equal to half the chord
AB. With center C and radius CB draw an arc intersecting AB X
at E, t}len AE will be equal in length be to the arc AB (very

Fi1c. 84. Fia. 85.

nearly). If the given arc is greater than 60 degrees it should be
subdivided.* :

In ordinary work the usual way of rectifying an arc is to step
around it with the dividers, in spaces small enough as practically
to coincide with the are, and to step off the same number on the
right line, as in Fig. 85. : X

* In this (Professor Rankine’s) solution, the error varies as the fourth

p}(l)W(t\,r of the subtended angle. At 60 degrees the line will be 1/900 part
short.

4
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In cutting a right circular cone by planes at different angles
four curves called the conic sections are obtained, Iig. 86. These
are the circle, cut by a plane perpendicular to the axis; the ellipse,
cut by a plane making a greater angle with the axis than the
elements do; the parabola, cut by a plane making the same angle
with the axis as the clements do; the hyperbola, cut by a plane

F1c. 86.—The conic sections.

making a smaller angle than the elements do. These curves are
studied mathematically in analytic geometry but may be drawn
without a knowledge of their equations by knowing something of
their characteristies.

As an ellipse is the projection of a circle viewed obliquely it
is met with in practice oftener than the other conics, aside from
the cirele, and draftsmen should be able to construct it readily,
hence several methods are given for its construction, both as a
true ellipse and as an approximate curve made by circle-arcs.
In the great majority of cases when this curve is required its
long and short diameters, i.e.,its major and minor axes are known.

Ellipse—First Method.

The most accurate method for determining points on the
curve is shown in Fig. 87. With C as center describe circles on
the two diameters. From a number of points on the outer circle
as P and @ drawradii CP, CQ, etc., intersecting the inner circle
at P, ’,ete. From P and Q draw lines parallel to CD, and from
P’ and @’ lines parallel to CB. The intersection of the lines
through P and P’ gives one point on the ellipse. The intersection
of the lines through @ and @’ another point, and so on. For
accuracy the points should be taken closer together toward the
major axis. The process may be repeated in the four quadrants -
and the curve sketched in lightly freehand, or one quadrant only
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may be constructed and the remaining three repeated by marking
the French curve. A tangent at any point H may be drawn by
projecting the point to the outer circle at K and drawing the
auxiliary tangent KL cutting the major axis at L. From L
draw the required tangent LH.

4 E;;éfnm:o—axxs
Fic. 88.

Ellipse—Trammel Method. Fig. 88.

On the straight edge of a strip of paper, thin eardboard or
sheet celluloid mark the distance PQ equal to one-half the major
axis and PR equal to one-half the minor axis. If the strip be
moved keeping @ on the minor axis and R on the major axis, P

o ot il |

Fic. 89.—An Ellipsograph.

will give points on the ellipse. This method will be found very
convenient, as no construction is required, but for accurate
results great care should be taken to keep the points P and @
exactly on the axes. The ellipsograph, Fig. 89, is constructed
on the principle of this method.
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Ellipse—Pin and String Method. Fig. go.

This well-known method sometimes called the ‘gardener’s
ellipse’’ is often used for large work, and is based on the mathe-
matical principle of the ellipse that the sum of the distances
from any point on the curve to two fixed points called the foci
is a constant, and is equal to the major axis. The foci may thus
be determined by making DF and DF’ equal to AC. Drive pins

at the points D, F, and F’ and tie an inelastic thread or cord
tightly around the three pins. If the pin D be removed and a
marking point moved in the loop, keeping the cord taut, it will
describe a true ellipse. The bisector of the angle between the
focal lines will be normal to the curve, hence a tangent at any
point L may be drawn by bisecting the exterior angle MLF.

Ellipse—Parallelogram Method. Fig. g1.

This method may be used with either the major .and minor
axes or with any pair of conjugate diameters. On‘the diameters
construgt the parallelogram ABDE. Divide AC into any number
of equal parts and AG into the same number of equal parts,
numbering the points from A. Through these points draw lines
from D and E as shown. Their intersections will be points on
the curve.
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To determine the major and minor axes of an ellipse, the conjugate
azxes being given. The property of conjugate diameters is that
each is parallel to the tangent to the curve at the extremities of
the other. At C draw a semicircle with radius CE. Connect
the point of intersection P of this circle and the ellipse with D
and E. The major and minor axes will be parallel to the chords
DP and EP.

Approximate Ellipse with Four Centers. Fig. 92.

Join A and D. Lay off DF equal to AC—DC. Bisect AF by
a perpendicular crossing AC' at G and intersecting DE produced,
at H. Make CG’ equal to CG and CH’ equal to CH. Then G,

P
X

@', H, and H' will be centers for four arcs approximating the
ellipse. The half of this ellipse when used in masonry construc-
tion is known as the three-centered arch.

When a closer approximation is desired, the five-centered arch
(eight-centered ellipse) may be constructed as in Fig. 93. Draw
the rectangle AFDC, connect AD and draw FH perpendicular
to it. Make CM equal to DL.. With center // and radius HM
draw the arc MN. With A as center and radius CL intersect
AB at 0. With P as center, and radius PO intersect the are
MNat N, then P, N and H are centers for one-half of the
semi-ellipse or “five centered oval.” This method is based on
the principle that the radius of curvature at the end of the minor
axis is the third proportional to the semi-minor and semi-major
axes, and similarly at the end of the major axis is the third
proportional to the semi-major and semi-minor axes. The
intermediate radius found is the mean proportional between ’
these two radii.
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Approximate Ellipse. Fig. 94.

When the minor axis is at least two-thirds the major, the
following method may be used:

Make CF and CG equal to AB—DE.

Make CH and CI equal to 3/4 CF.

F, @, H, I will be centers for arcs K, D, A, and B.

3510
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Fia. 94 Fic. 95.—Curve inked with circle ares.

It should be noted that an ellipse is changing its radius of
curvature at every point, and that these approximations are
not ellipses but simply curves of the same general shape.

Any non-circular curve may be approxiamted by tangent
circle arcs, selecting a center by trial, drawing as much of an arc
as will practically coincide with the curve, then changing the
center and radius for the next portion, remembering always that

Fig. 96.—Parabola. F1a. 97.—Hyperbola.

if arcs are to be tangent, their centers must lie on the common
normal-at the point of tangency. Many draftsmen prefer to ink
curves in this way rather than to use irregular curves. Fig. 95
illustrates the construction.

A parabola may be drawn in a manner analogous to the paral-
lelogram method of the ellipse, as shown in Fig. 96.
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One of the commercial uses of the parabola is in parabolic
reflectors and search lights.

The only case of the hyperbola of practical interest to us is
the equilateral or rectangular hyperbola on its asymptotes, as
representing the relation between the pressure and volume of
steam or gas expanding under the law pv equals c.

F1c. 98.—Cyecloid.

To draw the rectangular hyperbola. Fig. 97.

Let OA and OB be the asymptotes and P a point on the curve
(this might be the point of cut off on an indicator diagram).
Draw PC and PD. Mark any points on PC; through these points
draw ordinates parallel to OA and through the same points lines
to O. At the intersection of these lines with PD draw abscissa®.
The intersections of these abscisse with the ordinates give points
on the curve.

Fi1c. 99.—Epicycloid and hypocycloid.

A cycloid is the curve generated by the motion of a point on
the circumference of a circle rolled along a straight line. If the
circle be rolled on the outside of another circle the curve is called
an epicycloid ; when rolled inside it is called a hypocycloid.- These
curves are used in drawing gear teeth. To draw a cycloid, Fig.
98, divide the rolling circle into a convenient number of parts
(say 12), lay off the rectified length of the circumference with
these divisions on the tangent AB. Draw through C the line of
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centers CD and project the division points up to this line by
perpendiculars. On these points as centers draw circles repre-
senting different positions of the rolling circle, and project across
on these circles in order, the division points of the original circle.

Fig. 100.—Involute of a pentagon. F1e. 101.—Involute of a circle.

These intersections will be points on the curve. The epicycloid
wnd . oorcloid may be drawn similarly as illustrated in Fig. 99.
¢ .vuroe is a curve generated by unwrapping an inflexible

. s around a polygon. Thus the involute of any polygon

may be drawn by extending its sides, as in Fig. 100, and with the

Fic. 103.

corners of the polygon as successive centers drawing the tangent
arcs.

A circle may be conceived as a polygon of an infinite number of
sides. Thus to draw the involute of a circle, Fig. 101, divide it
into a convenient number of parts, draw tangents at these points,
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lay off on these tangents the rectified lengths of the arcs from the
point of tangency to the starting point, and connect the points
by a smooth curve. It is evident that the involute of a circle
is the limiting case of the epicycloid, the rolling circle becoming
of infinite diameter. It is the basis for the involute system of
gearing.

To Draw the Spiral of Archimedes—making one turn in a given
circle, Fig. 102.

Divide the circumference into a number of equal parts, drawing
the radii and numbering the points. Divide the radius No. 1
into the same number of equal parts, numbering from the center.
With C as center draw concentric arcs intersecting the radii of
corresponding numbers, and draw a smooth curve through these
intersections. This is the curve of ‘the heart cam, Fig. 103, for
converting uniform rotary motion into uniform reciprocal
motion i



CHAPTER V.
LETTERING.

To give all the information necessary for the complete con-
struction of a machine or structure, there must be added to the
“graphical language” of lines describing its shape, the figured
dimensions, notes on materials and finish, and a descriptive title,
all of which must be lettered, freehand, in a style that is perfectly
legible, uniform, and capable of rapid execution. So far as its
appearance is concerned there is no part of a drawing so impor-
tant as the lettering. A good drawing may be ruined in appear-
ance by lettering done ignorantly or carelessly.

Lettering is not mechanical drawing. The persistent use by
some draftsmen of kinds of mechanical caricatures known as
geometrical letters, block letters, etc., made up of straight lines
and ruled in with T-square and triangles, is to be condemned
entirely. Lettering should be done freehand, in a style suited
to the class of the drawing.* On working drawings the lettering
is done in a rapid single-stroke letter, either vertical or inclined,
the inclined form being preferred. The ability to letter well in
this style can be acquired only by continued and careful practice,
but it can be acquired by any one with normal muscular control
of his fingers, who will take the trouble to observe carefully the
shapes of the letters, the sequence of strokes composing them,
and the rules for composition; and will practice faithfully and
intelligently. It is not a matter of artistic talent, nor even of
dexterity in handwriting. Many draftsmen letter well who
write very poorly.

The term ““single-stroke’” or “one-stroke” does not mean that
the entire letter is made without lifting the pen, but that the
width of the stroke of the pen is the width of the stem of the
letter. For the desired height, therefore, a pen must be selected

* A more complete study of the subject of lettering than is given in this
chapter is necessary for draftsmen who will have any variety of work,
especially civil engineers and architects, who should give particular atten-

tion to the different forms of Roman letter.  Several books on the subject
are mentioned in Chapter XV.

58
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which will give the necessary width, and for what are known as
“gothic” letters one which will make the same width of line
when drawn horizontally, obliquely, or vertically.

The coarse pens mentioned on page 13 are particularly
adapted to this purpose. Leonardt’s ball point 506 F will make
a line of sufficient width for letters 1/4” high, which is as large as
would be used on any ordinary working drawing. 516 EF or
Gillott’s 1032 might be used for letters 3/16” high For small
letters Hunt’s shot point, Gillott’s 1050, 604 or Spencerian No. 1
may be used. Some draftsmen prepare a new pen by dropping
it in aleohol, or by holding it in a match flame for two or three

_seconds.

Single-stroke Vertical Caps.

The upright single-stroke ““commercial gothic” letter shown
in Fig. 104 is a standard for titles, reference letters, etc. In the
proportion of width to height the general rule is that the smaller
the letters the more extended their width should be. A low
extended letter is more legible than a high compressed one and
at the same time makes a better appearance. This letter is

IHLFETNKMAV
WXYZ40QCGDUJP
RBS832069b7 &

Fra. 104.—Upright single stroke capitals.

[§

seldom used in compressed form. Before commencing the prac-
tice of this alphabet some time should be spent in preliminary
practice to gain control of the pen. Tt should be held easily, in
the position illustrated in Fig. 105, the strokes drawn with a
steady, even motion and a slight uniform pressure on the paper,
not enough to spread the nibs of the pen.

For the first practice draw in pencil top and bottom guide
lines for 3/16” letters and with a 516 F or similar pen make
directly in ink a series of vertical lines, drawing the pen down
with a finger movement. This one stroke must be practised
until the beginner can get lines vertical and of equal weight.
Remember this is drawing, not writing, and that all the flourish
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movements of the penman must be avoided. It may be found
difficult to keep the lines vertical; if so, direction lines may be
drawn, as in Fig. 105, an inch or so apart to aid the eye.

Fi1c. 105.—Position for lettering.

It is ruinous to the appearance of upright letters to allow them
to slant forward. A slight backward slant is not so objectionable,
but the aim should be to have them vertical. When this stroke

VLRSS = = ////7 NN\ £ 20D

Fic. 106.—Practice strokes.

has been mastered, the succeeding strokes of Fig. 106 should be
taken up. These strokes are the elements of which the single
stroke letters are composed. After sufficient practice with them,

b I E T NG IRF R0 A0V
Wil XN Z A O QC GO L
RESS83206957&

Fre. 107.—Order and direction of strokes.

they should be combined into letters in the order of Fig. 107,
penciling in one pattern letter and numbering its strokes, then
« drawing directly in ink several beside it. Care must be taken

L3
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to keep all angles and intersections clean and sharp. Getting too
much ink on the pen is responsible for appearances of the kind
shown in Fig. 108.

EHMNWTZ

° Fra. 108.—Too much ink.

Single-stroke Inclined Caps.

The single stroke inclined letter made to a slope of between
60 and 70 degrees, Fig. 109, is preferred by perhaps a majority of
draftsmen. The order and direction of strokes for the capitals
of this form will be the same as in the upright form, but these
letters are usually not extended. If a rectangle containing a

IHLFETNKMAV
WXYZ400CGDUJP
RESEE 20683674

F1g. 109.—Inclined capitals.

flexible O should be inclined the curve would take the form
illustrated in Fig. 110, sharp in the upper right-hand and lower
left-hand corners, and stretched flat in the other two corners.
This characteristic should be observed in all curved letters. A
convenient and pleasing slope for these letters is in the proportion
of 2 to 5, which angle may be made by laying off 2 units on the

Fic. 110.

horizontal line and 5 units on the vertical line. Triangles of
about this angle are sold by the dealers.

The first requirement is to learn the form and peculiarity of
each of the letters. Too many persons think that lettering is
simply printing in the childish way learned in the primary grades.
(Fig. 111 is from actual examples of men’s work.) There is an
individuality in lettering often nearly as marked as in handwrit-
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ing, but it must be based on a careful regard for the fundamental
letter forms. :

In our practice we must first learn the individual letters, then
compose them into words and groups of words. The inclined
letter is used in capitals for titles and headings, and in capitals

R

F1G. 111.—Inexcusable faults.

and small letters for less important captions, and for notes and
“descriptions. In all lettering there should always be drawn
guide lines for both the tops and bottoms. In the inclined style
the 2 to 5 direction lines should be drawn until one has become
very proficient in keeping the lines to a uniform slant. The snap
and swing of professional work is due largely to two things;

F1c. 112.~Practice strokes.

keeping the letters full, and close together, and of uniform slope.
The beginner’s invariable mistake is to cramp the letters and
space them too far apart.

It will be noticed that the letters are arranged in family groups
instead of in the usual alphabetical order. After practising a
few preliminary strokes Fig. 112, the letters should be taken up

FHEL 7B T INHINSE oA
WX Z20O0QCEDUIF

2
F1c. 113.—Order and direction of strokes.

in the order given in Fig. 113, and each one practised. The rule
of stability requires that such letters as B, E, K, §, X, Z, with
the figures 3 and 8 be smaller on the top than on the bottom, and
that the cross lines in E, T, H, be slightly above the middle.
The bridge of the A is up about 1/3 of the height. Particular
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care should be given to the accurate formation of numerals,
making them round and full bodied and of the same height as
the capitals.

Siﬁgle-stroke Inclined Lower Case.
The lower case or small letters of this style are drawn with
bodies two-thirds the height of the capitals. This letter is

7 / T EITCH S R,

,ﬂl/[ i/lfilﬂﬁﬂ

7 7
F!G 114 —Basls of Remhardt letter

generally known as the Reinhardt letter, in honor of Mr. Charles
W. Reinhardt, Chief of the Drafting Department of the “ En-
gineering News,” who has used it so successfully in the illustra-
tions for that periodical, and who published it as a system in his
admirable little book “ Lettering for Engineers.” It is the minu-
scule or lower case letter reduced to its lowest terms, omitting all
unnecessary hooks and appendages. It.is very legible and

L

@IFII @/I,IFIQ/II/@E{ lﬂﬂ/[ﬁﬂl

Wmmvlmw iZZZZ

7 7 ) 7 7 7 7 7

FxG 115. —Ana]ysxs of Reinhardt letter.

effectn re, and after its swing has been mastered can be made very
rapidly. This lower case letter should be used in all notes and
statements on drawings, for the two reasons given above, it 1s
read much more easily than all capitals, as we read words by their
shapes and are familiar with these shapes in the lower case letters,
and it can be done fast.
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All the letters of this alphabet are based on two strokes, the
straight line, and the partial ellipse whose conjugate axes are
the slope line and the horizontal line, and consequently whose
major axis is about 45°, Fig. 114. The general direction- of
strokes is always downward or from left to right, and in the
order given in the analyzed letters in Fig. 115.

In the composition of letters into words three general rules
must be remembered. 1, Keep the letters close together; 2,
have the areas of white spaces, the back grounds between the
letters, approximately equal; 3, keep words well separated, to a
space at least equal to the height of the letter. Paragraphs are
always indented. Fig. 116 is an example of spacing of letters,
words, and lines.

As soon as the letter forms have been mastered all the practice
should be directed to composition, which is fully as important as
the individual shapes. Titles on working drawings are usually
boxed in the lower right hand corner. The question of dimen-
sioning and the contents of the title are fully discussed in Chapter
IX on working drawings.

The spacing of letfers i words, the spacrg
of words, and the spacing of fines are alf aesgr
problems i the disposition of white and black,
and Iherr successlil solvliorn depends on fhe
artistc perception of the dralfsmarr more /a1
o1 any reles whch mighlt be givers.

Fi1e. 116,—Composition, .



CHAPTER VI.
ORTHOGRAPHIC PROJECTION.

The previous chapters have been preparatory to the real sub-
ject of engineering drawing as a language. In Chapter I was
pointed out the difference between the representation of an object
by the artist to convey certain impressions or emotions, and the
‘representation by the engineer to convey information.

If an ordinary object be looked at from some particular station
point, one may usually get a good idea of its shape, because (1)
generally more than one side is seen, (2) the light and shadow
on it tell something of its configuration, (3) looked at with both

F1c. 117.—Perspective projection.

" eyes there isa stereoscopic effect to aid in judging dimensions.
In technical drawing the third point is never considered, but the
object is drawn as if seen with one eye; and only in special cases
is the effect of light and shadow rendered. In general we have
to do with outline alone.

If a transparent plane P, Fig. 117, be 1mag1ned as set up between,
the object and the station point S of the observer’s eye, the

5 65 :
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intersection with this plane, of the cone of rays formed by lines
from the eye to all points of the object, will give a picture of the
object, which will be practically the same as the picture formed
on the retina of the eye by the intersection of the other end
(nappe) of the cone.

Drawing made on this principle is known as perspective drawing
and is the basis of all the artist’s work. In a technical way it is
used chiefly by architects in making preliminary sketches for
their own use in studying problems in design, and for showing
their clients the finished appearance of a proposed building. It is
entirely unsuited for working drawings, as it shows the object as
it appears and not as it really is. In this book we shall take up

Fic. 118.—Orthographic projection. Fra. 119.—The H plane.

only the general principles of perspective as applied in freehand
sketching, Chapter X. The titles of several books which ex-
plain in detail the methods of perspective are given in Chap-
ter XV,

Orthographic Projection.

The problem in engineering drawing is to represent accurately
on the paper having only two dimensions, length and breadth,
the three dimensions of the structure.*

* The whole subject of graphic representation of solids on reference
planes comes under the general name of descriptive geometry. That term,
howeve_r, has by common acceptance been restricted to a somewhat more
theoretical treatment of the subject as a branch of mathematics. This

- book may be considered as an ample preparation for that fascinating subject,
with whose aid many difficult problems may be solved graphically.
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If the station point .S be conceived as moved back theoretically
to an infinite distance, the cone of rays would become a cylinder
with its elements perpendicular to the picture plane V, Fig.
118, and its intersection with it will give a picture known as the

Fre. 120.—The H plane revolved.

orthographic projection. If we then discard the part of the cylin-
der between the picture plane and the eye we may say that the
orthographic projection of an object on a plane would be found
by dropping perpendiculars from the object to the plane.

_ﬁ
o

Fic. 121.

Evidently, then, a line or surface of the object parallel to the
plane would be shown in its true size (abcd), a line perpendicular
would be projected as a point (ce), and a plane surface perpen-
dicular to the picture plane would be projected as a line
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(bcef). Thus the height and width of the object would be
shown on the projection in their true size.

If now another plane be placed horizontally above the object
and perpendicular to the first plane, Fig. 119, the projection on
this plane will give its appearance as if viewed from directly
above, showing its width and thickness. If this plane be re-
volved about its intersection with the first plane until they

Fic. 122.—*‘The transparent box.”

coincide, Fig. 120, they will represent the plane of the paper
and the two views together will show exactly the three dimensions
of the object. Similarly any other side may be represented by
imagining it to be projected to a plane and the plane afterward
revolved away from the object into the plane of the paper.
Thus the object, Fig.121, may be thought of as surrounded by a
box with transparent sides, Fig. 122. The projections on these
sides would be practically what would be seen by looking straight
at the object from positions directly in front, above, and at both
sides. These “planes of projection” when revolved into one
plane, Fig. 123, and represented on the paper as in Fig. 124 give
what are known as the different “views” of the object. The
projection on the front or vertical plane is known as the front

4
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Fia. 123.—The box opened.
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Fia. 124.—The three projections.
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view, vertical projection, or front elevation;that on the horizontal
plane as the top view, horizontal projection, or plan; that on
the side or profile plane as the side view, profile projection, or
side elevation. - When necessary the bottom view and back
view may be made in a similar way, by projecting to their planes
and opening them up to coincide with the vertical plane.

Three principles are evident, first, the top view is directly over
the front view, second, the side views are in the same horizontal
line as the front view, third, the width of the side views are ex-
actly the same as the width of the top view. TFor brevity we
shall call the vertical plane V', the horizontal plane H and the
profile plane P. The intersection of H and V is ealled the ground
line, GL, and the intersections of P with H and V called the H
trace of P, and the V trace of P. P is generally revolved about
its V trace as in the illustration in ¥Fig. 124, but may be revolved
about its H trace as in Fig. 126. Evidently the side view of any
point as Q would be as far from the V trace of P as its top view
is from the ground line.

Fic. 125.—First angle projection.

. Note. If the horizontal and vertical planes are extended beyond their
intersection, ‘four dihedral angles will be formed, which are numbered as
illustrated in Fig. 125, If the object be placed in the first angle, projected
to the lplanes and the planes opened as before, the top view would evidently
fall below the front view, and if the profile plane were added the view of
the left side of the figure would be to the right of the front view. This
system, known as first angle projection, was formerly in universal use, but '
was generally abandoned in this country more than twenty years ago and
is now almost obsolete. The student should understand it, however, as it
may l_)e enco_untered opcasionally in old drawings, in some book illustrations,
and in foreign drawings. In England some attempt is being made to
introduce true (third angle) projection, but as yet it has not been accepted
to any extent.
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The monument Fig. 127 is shown in orthographic projection in
Fig. 128. On the top view the H tr. of P is OA. Evidentlyin
the revolution of P about its V tr., the H tr. would revolve to
OB and the points projected to it from the top view would re-
volve with it. These, if projected down from OB to meet hori-

Fia. 126.

zontal projectors from corresponding points on thelfront view,
would locate the points on the side view. Fig. 129 illustrates the
principle pictorially.

In practice only as many views are made as are necessary to
describe the object, and the ground line and P traces are not

A

t-ad-.
] B

]

l_-. £

Fre. 127. F1e. 128.

s e

represented, but center lines or other lines of the views are used
for reference or datum lines as in Fig. 130. Thus the center
line of the side view may be regarded as the edge of a reference
plane whose H trace is the center line on the top view. In our
theoretical study we shall make the three views of a number of
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simple objects, at first working from the GL and V trace of P
as datum lines, afterward using center lines; developing the
ability to write the language, and exereising the imagination in
seeing the object itself in space by reading the three projections.

NS
Qe

———— i ¥ R
n n_n m I uh i -‘“m il "[ I

Fia. 129.

Fig. 131 shows successive cuts made on a block, and the cor-
responding projections of the block in the different stages. The
effort should be made to visualize the object from these pro-
jections until the projection can be read as easily as the picture.
A drawing as simple as A’ or B’ can be read, and the mental

)
|

| 1 h i

i
===

| |

Fi1a. 130.

picture formed, at a glance; one with more lines as E’ will re-
qulre a little time for study and comparison of the different
views. One cannot expect to read a whole drawmg at once any
more than he would think of reading a whole page of print at a
glance.
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Fig. 132 is another progressive series, illustrating the necessary
use of hidden lines.
The objects in Fig. 133 are to be “written” in orthographic

1. 0. O3. O=. Ba.
OO0 O COE Caf O

Fra. 131.

projection by sketching their three views. Similar practice
may be gained by sketching the projections of any simple models,

Jug Jen Jig en ke

Fie. 132.

or objects with geometrical outlines, such as those illustrated in
Fig. 390.

After a study of the methods of pictorial representation (Chap-
ter VIII) we shall reverse this operation and practise reading, by
making the pictures of objects drawn in orthographic projection.
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Auxiliary Views.

Sometimes a view taken from another direction will aid in show-
ing the shape or construction of an object to better advantage
than can be done on the three reference planes alone, and often
such a view may save making one or more of the regular views.
For example, the three views of Fig. 134 do not show the face A
clearly. A projection on a plane whose edge (H tlacc) is S-S,
parallel to the face 4, Fig. 135, would show the true size of the
face, and the position of the hole and would obviate the necessity
for a side view. The projection is imagined as made by dropping
perpendiculars to the plane, and revolving the plane about S-S

Fic. 134. Fic. 135.—Auxiliary projection.

into the plane of the top view, as illustrated pictorially in Fig.
136. Since this plane is perpendicular to H, the width W of
this view would evidently be the same as the width of the front
view.

Such a plane as Sis called an auxiliary plane, and the projec-
tion on it an auxiliary projection or auxiliary view.

These planes may be set up anywhere perpendicular to one of
the planes of projection, and revolved into the plane of the paper.
In practical work extensive use is made of auxiliary views in
showing the true size of sections and inclined surfaces.

The plane S in Fig. 136 was taken perpendicular to H and re-
volved into H. It might as readily have been revolved about
its V trace into V. Fig. 137 is the picture of an object with the
H and V planes, and an auxiliary plane parallel to one of the
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faces of the object and perpendicular to V. Fig. 138 shows the
position of the planes and the projections when opened up, the
auxiliary plane being revolved about its V trace to coincide

Fic. 138.—Auxiliary projection. Fic. 139.—Auxiliary projectfou.

with V. These figures illustrate clearly that the dimensions of
the auxiliary view are obtainable directly from the other views.

In practice the auxiliary plane trace is not actually drawn,
but, like the ground line, after use has been made of it in explain-

Fic. 140.

ing the principle, its position is simply imagined, and the views
are worked from center lines. Thus in Fig. 139 the center line
on the auxiliary view is really the projection of the center line
of the top view or, more accurately, the edge of a plane whose H
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trace is the center line of the top view, and the perpendicular
distance of any point as p or q from the center line on the top
view is laid off perpendicular to the center line on the auxiliary
view.

Often it is not necessary to project the whole figure on the
auxiliary plane, but only the part to be shown in true shape, as
the lug or pad in Fig. 140 or the cut face of Fig. 141.

An auxiliary plane may be imagined as detached from its
trace and may be set off anywhere at a convenient place on the

paper.

Fic. 141. Fic. 142.—Section on A-B.

Sectional Views.

Often it is not possible to show clearly the interior construction
or arrangement of an object by outside views, using dotted lines
for the invisible parts. In such case the object is drawn as if a
part of it were ecut or broken away and removed. A projection
of this kind is known as a seetional view, or section, and the ex-
posed cut surface of the material is indicated by “section lining.”
It should be understood that in thus removing an obstructing
portion so as to show the interior on one view, the same portion
is not removed from the other views; but on the view to which
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the cut surface is perpendicular the trace of the cutting plane is
indicated by a line. Thus in Fig. 142 the top view shows the
trace of the cutting planc A-B, and the front view is a section

Fic. 143.

showing the bearing as it would appear if the part in front of the
plane A-B were removed. Fig. 143 is a pictorial illustration,
This figure also illustrates the fact that the cutting plane need not

Fig. 144.—Half section.

be continuous, but may be taken so as to show the construction
to the best advantage. )
When a figure is symmetrical about an axis, it is a common
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practice to show half in section and the other half in full. Figs.
144 and 145 are examples. Fig. 146, an illustration of a broken
section, is self-explanatory.

Fic. 145.—Half section.

Little auxiliary views known as turned sections, or revolved
sections, are of great convenience in showing the shape of some
particular part. They may be drawn directly on the view, as

FiG. 146.—Broken section.

in Fig. 147 or the piece may be broken to admit of placing the
section, as in Fig. 148,
It is not assumed that the cutting plane cuts everything

[ @

through which it.-passes. It is a practical rule in drawing that
if in a sectional view a part ean be shown more clearly by leaving

Fic. 147.—Revolved sections.
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it in position full, it is so left. This is true of shafts, bolts, rods,
keys, etc., which are never sectioned, but are drawn as in Figs.
149 and 150. A combination full and sectional view, known as a
“dotted section” will sometimes show the construction of an
object economically. Fig. 151 A4 is an illustration.

=rcT

Fia. 148.—Revolved section.

Section lining is done with a fine line, generally at 45 degrees,
and spaced uniformly, to give an even tint, the spacing being
governed by the size of the surface, but except in very small
drawings not less than 1/16 of an inch. On drawings to be
inked or traced the section lining is only indicated freehand in
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F1a. 150.

Fig. 149.

pencil, and is done directly in ink. The spacing is done entirely
by the eye. Care should be exercised in setting the pitch by the
first two or three lines, and one should glance back at the first
lines often in order that the pitch may not gradually change to

wider or narrower.

o
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Large surfaces in section are sometimes shown as in Fig. 152.
This both saves time and improves the appearance. Adjacent
pieces are section lined in opposite directions, and are often
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Fic. 151.—A dotted section.

brought out more clearly by varying the pitch, using lines closer
together for smaller pieces.

Different materials are sometimes indicated by conventional
symbols. The use of those symbols is discussed in Chapter IX.

2z

%, Al %.
% T 2
Z
A
F1a. 152,

Revolution.
The natural way to place an object would be in the simplest
position, with one face or edge parallel to a plane of projection.
s :
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It is sometimes necessary, however, to represent it in a position
oblique to the planes. In such a case it may be necessary to
draw the object first in a simpler position, and revolve it about an

axis perpendicular to a plane of projection to the required
position.

F1c. 153.—Revolution about axis perpendicular to H.

Rule: 1If an object be revolved about an axis perpendicular to
a plane, its projection on that plane will remain unchanged in
size and shape, and the dimensions parallel to this axis on other
planes will be unchanged.

Thusif the pyramid Fig.153 berevolved through 30 degrees about
an axis perpendicular to the H plane, its I7 projection will take the

Fic. 154.—Revolution about axis perpendicular to V.

position shown at B. The height of the pyramid has not been
changed in the revolution, hence the front and side views are
the same height as the original front view. If, instead, the pyra-
mid be revolved about an axis perpendicular to V, the front view
~will be unchanged and may be copied in the new position. The
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distance from the ground line to any point in the top view would
be unchanged, hence the new top view may be found by pro-
jecting up from the front view and across from the original top
view, Fig. 154.

Similarly in the revolution forward or back, about an axis
perpendicular to P, the side view is unchanged and the dimensions
(widths) on the top and front are the same as in the original
position, Fig. 155.

Fic. 155.—Revolution about axis perpendicular to P.

Successive revolutions may be made under the same rules.
Fig. 156 is a block revolved from its first position about an axis
perpendicular to H through 45 degees, then about an axis per-
pendicular to P through 45 degrees until the cut face MNO is
parallel to the vertical plane. To avoid confusion it is well to
letter or number the corresponding points as the views are car-
ried along.

Evidently the only difference in principle between revolutions
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If a line is inclined to a plane its projection will be shorter
than the line.

If a line is parallel to H or V its projection on the other plane
will be parallel to the ground line.

A line inclined to both H and V will not show its true length

=’ 8"

Fro. 157. Fic. 158.
in either projection. If it be revolved until it is parallel to one
of the planes its projection on that plane will be its true length.
In Fig. 157 the line AB is revolved about an axis perpendicular
to H until it is parallel to V and its true length is A°B?,.
Fig. 158 is a similar construction with the axis perpendicular to V.

U

ol

i>5

Fia. 159. Fic. 160.

Or by a second method the line may be revolved about its
projection, into the plane. This is illustrated pictorially in Fig.
159. The H projection of the line AB in space is a line con-
necting the feet of all the perpendiculars from AB to the plane.
These perpendiculars form what is known as the projecting plane.
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If this projecting plane be revolved about its H trace, which is the
H projection of the line, until it coincides with H, the line will be
seen in its true length.

Construction. Fig. 160. The distance of A and B below H
is indicated on the V projection. Thus if to A* B" the perpendic-
ulars A" A" and B" B" be drawn, A” B" will be the true length of
AB.

Shade Lines.

In the alphabet of lines the visible outline was indicated as a
uniform, bold, full line. This is the general practice for working
drawings.

It is possible by using two weights of lines, to add something
to the clearness and legibility of a drawing, and at the same

Fi1c. 161.—Shading a circle.

time to give to its appearance a relief and finish very effective
- and desirable in some classes of work. Shade lines are required
on patent office drawings, and are used in a fewshops on assem-
bly drawings, but for ordinary shop drawings the advantage
gained is overbalanced by the increased cost. It is correct to
use them whenever the gain in legibility and appearance is of
sufficient importance to warrant the expenditure of the added
time necessary.

Theoretically the shade line system is based on the principle
that the object is illuminated from one source of light at an in-
finite distance, the rays coming from the left in the direction of
the body diagonal of a cube, so that the two projections of any
ray each make an angle of 45 degrees with the GL. Part of the
object would thus be illuminated and part in shade, and a shade
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line is a line separating a light face from a dark face. The strict
application of this theory would involve some trouble, and it is
never done in practice, but the simple rule is followed of shading
the lower and right hand lines of all figures.

The light lines should be comparatively fine and the shade
lines about three times their width. The width of the shade
line is added outside the surface of the piece. They are never
drawn in pencil, but their location may be indicated, if desired,
by a mark on the line. In inking a shaded drawing all light lines
alone should be inked first, then the shade lines.

|
|
Fic. 162.—Shade lines.

A circle may be shaded by shifting the center on a 45-degree
line toward the lower right hand corner, to an amount equal to
the thickness of the shade line, and drawing another semicircular
are with the same radius, or it may be done much more quickly,
particularly with small circles, after the “knack” has been
acquired, by keeping the needle in the center after drawing the
circle and springing the compass out and back gradually by
pressing with the middle finger in the position of Fig. 161.
Never shade a circle are heavier than the straight lines.

Fig. 162 is an example of a shade line drawing. The aid in
reading given by the shade lines will be noted.
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Line shading is a method of representing the effect of light
and shade by ruled lines, used on patent drawings, “show Plans,”
drawings for illustration, and the like: To execute it effectively
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Fia. 163.

and ‘rapidly requires practice and is an accomplishment not
usual among ordinary draftsmen. An explanation of the
methods, and several examples illustrating its application are
given in Chapter XIV, page 259.

PROBLEMS.

If drawn to the dimensions and scales given, these problems.
will each occupy a space not to exceed 4”7 x 5.
Group L.—Orthographic from pictorial views.
Prob. 1. Draw three views of block, Fig. 163, using G.L.
2. Draw three vieWws of core box, Fig. 164, usmg center
lines (without G.L.). ° '
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3. Draw three views of box, Fig. 165, using center lines.
4. Draw three views of block, Fig. 166, using G.L.
5. Draw three views of support, Fig. 167, using center lines.
6. Draw three views of block, Fig. 168, using G.L.
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Fic. 167. Fia. 168:

7. Draw three views of block, Fig. 169, using G.L.

8. Draw three views of piece, Fig. 170, using center lines.
When three views are specified, the top view, front

view, and right side view are understood.

F1a. 169. Fia. 170,

¢ Group II.—Views to be completed.
Prob. 9. Draw the top and front views given, Fig. 171, and add
side view. Scale 6”=1 ft. :
10. Draw three views of clamp, Fig. 172. Scale 6”=1 ft.
11. Complete the top and front views and draw side view
of block, Fig. 173. Scale 3"=1 ft. :
12. Draw three views of block, Fig. 174. Scale 3" =1 ft.
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13. Draw three views of circular block, Fig. 175. Seale
SUVETA :
14. Draw three views of block, Fig. 176. Scale 3”7=1 ft.
- For further practice the bottom and left side views
of ‘problems 12, 13, and 14 may be drawn.
P ,2/'.

M1 P . TN £

'o#'fo/es-gbnﬂ
d A1
AR TR 0
7 e W S

Fie. 177, 3 A Fra. 178.

15. Draw front view, complete top view, and draw left
side view of frame, Fig. 177. Scale 3”=1 ft.

16. Draw front view, top view, and complete left side
view given, of the standard, Fig. 178. Scale 6”=1 ft.

| \‘2\
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Fia. 179. Fic. 180.

Group III.—Auxiliary projections.

Prob. 17. Draw the front view given, complete the top view and
draw auxiliary view on the given C.L. of truncated
pyramid, Fig. 179. Full size.

18. Draw auxiliary view of cylinder, Fig. 180.
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19. Draw auxiliary view of square prism, Fig. 181.
20. Draw auxiliary view of cylinder, Fig. 182.
21. Draw auxiliary view of block, Fig. 183.

Fic. 184,

22. Draw auxiliary view of cone cut by plane, Fig. 184.

23. Draw auxiliary view of pentagonal pyramid, Fig. 185.

24, Draw auxiliary view of bearing, Fig. 186. Scale 3" =
1Tt
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Fia. 185.

Group IV.—Sectional views.
Prob. 25. Draw front view and sectional side view of ring, Fig.
187. Full size.
26. Draw front view and secctional top view of eccentric,
Fig. 188. Scale 6”=1 ft.
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Fi1a. 188.

Fra. 187.
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27.

28.

29.

30.

31.

32.
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Draw top view and sectional front view of casting,
Fig. 189. Scale 6”=1 ft.

Draw top view, side view, and sectional front view of
body, Fig. 190. Scale 6” =1 ft.
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Fia, 193.

Half sections.

Draw top view and half-section front view of flanged
piece, Fig. 191. Scale 3”=1 ft.

Draw top view and half-section front view of sleeve
Fig. 192. Scale 6”=1 ft. :
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Fic. 194.

Draw end view in section, and front view with lower
half in section, of piston, Fig. 193. Scale 6”=1 ft.
Draw top view, front view in half-section, and end view
of tool-rest holder, Fig. 194.- Scale 6” =1 ft.
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Group V.—Revolution.
Prob. 33. (1) Draw three views of Fig. 195 in simplest position.
(2) Revolve from position (1) about an axis perpendic-
ular to H through 15 degrees.

\'{}\A\Q‘%

Fic. 195.

(3) Revolve from position (2) about an axis perpendic-
ular to V through 45 degrees. .

(4) Revolve from position (1) about an axis perpendic-
ular to P forward through 30 degrees.
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(5) Revolve from position (2) about an axis perpendic- .
ular to P forward through 30 degrees.

(6) Revolve from position (3) about an axis perpendic-
ular to P forward through 30 degrees.

Q.
L)
&

14+
Fia. 197.

(4), (5), (6) may be placed to advantage under
(1), (2),and (3) so that the widths of front and top
views may be projected down directly.
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35.
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In problem 33 any of the objects in Fig. 195 A
may be used instead of Fig. 195.

(1) Draw three views of Fig. 196.

(2) Revolve from position (1) about an axis perpendic-
ular to V through 30 degrees.

(3) Revolve from position (2) about an axis perpendic-
ular to H through 45 degrees.

(1) Draw three views of Fig. 197.

(2) Revolve from position (1) about an axis perpendic-
ular to P through 30 degrees.

Complete top and front views, and draw side view of

box in position as shown in Fig. 198, using auxiliary

view shown at A to obtain projections of lid. Scale

6/=1 ft.

Group VI.—True length of lines.

Prob. 37.
38.

39.

40.

41.

Find true length of the body diagonal of a 1 1/2” cube.

-Find true length of the brace AB in tower diagram,

Fig. 199.

Find true length of any element, as AB, of oblique
cone, Fig. 200. Scale 6”=1 ft.

Find true length of line AB of pier, Flg 201. Scale
6”7 =1 ft.

Find true length of line AB on brace, Fig. 202. Scale
3/4"=1 ft.
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Group VIL.—Drawing from description.
Prob. 42. Draw three views of a pentagonal prism, axis 1” long

and perpendicular to H, circumscribing cirele of base
1 1/8” diam., surmounted by a cylindrical abacus
(cap) 1 1/2” diam., 1/2” thick.
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Fre. 199. Fic. 200.
43. Draw three views of a triangular card each edge of
which is 1 3/4” long. One edge is perpendicular to I,
and the card makes an angle of 30 degrees with H.
44. Draw three views of a circular card 1 3/4” diam., in-
Af o
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%

45.

Fre, 201. Fic. 202.

clined 30° to H, and perpendicular to V. (Find 8
points on the curve).

Draw three views of a eylinder 1”7 diam., 2” long, with
hexagonal hole, 3/4” long diam., through it. Axis of
cylinder parallel to H and inclined 30 degrees to V.



46.

47,

49.

50.
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Draw top and front views of a hexagonal plinth whose
faces are 5/8” square and two of which are parallel
to H, pierced by a square prism 2 3/4” long, base 1/2”
square. The axes coincide, are parallel to H, and
make an angle of 30 degrees with V. The middle
point of the axis of the prism is at the center of the
plinth.

Draw the two projections of a line 2” long, making an
angle of 30 degrees with V, and whose V projection
makes 45 degrees with G.L., the line sloping down-

. ward and backward to the left.
48.

Draw three views of a square pyramid whose faces are
isosceles triangles 1 1/4” base and 2” alt., lying with
one face horizontal, the H projection of its axis at an
angle of 30 degrees with G.L.

Draw three views of a triangular pyramid formed of
four equilateral triangles whose sides are 1 3/4”.
The base makes an angle of 45 degrees with H, and
one of the edges of the base is perpendicular to V.
Draw top and front views of a rectangular prism,
base 5/8” x 1 1/4” whose body diagonal is 1 3/4” long.
Find projection of prism on an auxiliary plane per-
pendicular to the body diagonal. '



CHAPTER VII.
DEVELOPED SURFACES AND INTERSECTIONS.®

A surface may be considered as generated by the motion of a
line. Surfaces may thus be divided into two general classes, (1)
those which can be generated by a moving straight line, (2) those
which can be generated only by a moving curved line. The
first are called ruled surfaces the second, double curved surfaces.
Any position of the moving line is called an element.

Ruled surfaces may be divided into (a) planes (b) single curved
surfaces, (¢) warped surfaces.

A plane may be generated by a stralght line moving so as to
touch two other intersecting or parallel straight lines.

Single curved surfaces have their elements either parallel or
intersecting. These are the cylinder and the cone; and a third
surface, which we shall not consider, known as the convolute, in
which the consecutive elements intersect two and two.

Warped surfaces have no two consecutive elements either
parallel or intersecting. There is a great variety of warped
surfaces. The surface of a screw thread and of the pilot of a
locomotive are two examples.

Double curved surfaces are generated by a curved line moving
according to some law. The commonest forms are surfaces of
revalution, made by the revolution of a curve about an axis in
the same plane, as the sphere, torus, or ring, ellipsoid, paraboloid,
hyperboloid, ete.

In some kinds of construction full sized patterns of different
faces, or of the entire surface of an objeet are required; as for
example in stone cutting, a templet or pattern giving the shape
of an irregular face, or in sheet metal work, a pattern to which a
sheet may be cut that when rolled, folded, or formed will make
the object.

* The full theoretical discussion of surfaces, their classification, proper-
ties, intersections, and development may be found in any good descrlpbxve
geometry.

100
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DEVELOPED SURFACES AND INTERSECTIONS 101

The operation of laying out the complete surface on one plane
is called the development of the surface.

Surfaces about which a thin sheet of flexible material (as paper
or tin) could be wrapped smoothly are said to be developable;
these would include figures made up of planes and single curved
surfaces only. Warped and double curved surfaces are non-
developable, and when patterns are required for their construction
they can be made only by some method of approximation,
which assisted by the pliability of the material will give the re-
quired form. Thus, while a ball cannot be wrapped smoothly, a
two-piece pattern developed approximately and cut from leather
may be stretched and sewed on in a smooth cover, or a flat disc
of metal may be die-stamped, formed, or spun to a hemispherical
or other required shape.

We have learned (page 74) the method of finding the true
size of a plane surface by projecting it on an auxiliary plane.

Fic. 203. Fia. 204.

If the true size of all the faces of an object made of planes be
found and joined in order, at their common edges, the result
will be the developed surface. This may be done usually to the
best advantage by finding the true lengths of the edges.

The development of a right cylinder would evidently be a
rectangle whose width would be the altitude, and length the
rectified circumference, Fig. 203; and the development of a
right cone with circular base would be a sector with a radius
equal to the slant height, and arc equal in length to the circum-
ference of the base, Fig. 204. '

In the laying out of real sheet metal problems an allowance
must be made for seams and lap, and in heavy sheets for the
thickness and for crowding of the metal; there is also the con-
sideration of the commercial sizes of material, and of economy
in cutting, in all of which some practical shop knowledge is
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necessary. In this chapter we will be confined to the prineiples
alone.

In the development of any object we must first have its pro-
jections, drawing only such views or parts of views as are neces-
sary to give the lengths of elements and true size of cut surfaces.

To develop the hexagonal prism, Fig. 205.

Since the base is perpendlcular to the axis it will roll out into
the straight line AB. This line is called by sheet metal workers
the “stretchout.” Lay off on AB the length of the perimeter
of the base, and at the points 1, 2, 3, ete., erect perpendiculars,

NI
@

FIG 205.—Development of hexagonal prism.

G W

called “measuring lines,” representing the edges. Measure on

each of these its length as given on the front view, and connect
the points. Attach to one of the top lines the true size of the
cut face C, and to one of the bottom lines the size of the base.
The figure will then be the development of the entire surface of
the prism. It is customary to make the seam on the shortest
edge.

To develop the cylinder, Fig. 206.

In rolling the cylinder out on a tangent plane the base, being
perpendicular to the axis, will develop into a straight line.
Divide the base, here shown as a bottom view, into a number of
equal parts, representing elements. Project these elements up
to the front view. Draw the stretchout and measuring lines as
before. Transfer the lengths of the elements in order, either by
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projection or with dividers, and connect the points by a smooth
curve. This might be one-half of a two-piece elbow. Three-
piece, four-piece, or five-piece elbows may be drawn similarly, as

Fic. 206.—Development of cylinder.

Fi6. 207.—Five-piece elbow.

illustrated in Fig. 207. As the base is symmetrical, one-half
only need be drawn. 1In these cases the sections as B will de-
velop on their center lines as stretchouts, and measurements will
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be taken on each side of the center line, since the center line repre-
sents a ‘right section,” 7.e. the section cut by a plane perpen-
dicular to the axis.

Evidently any elbow could be cut from a single sheet without
waste if the seams were made alternately on the long and short
sides. Fig. 208.

The development of the octagonal dome Fig. 209 illustrates an
application of the development of eylinders.

c =

Fic. 210.—Development of hexagonal pyramid.

To develop the hexagonal pyramid, Fig. 210.

The edge GA is shown on the front view in its true length. As
the edges are all of equal length, an arc may be drawn with the
radius GA and the perimeter of the base stepped off on it. The
cutting plane intersects the edges at the points H/KL. Revolve
these points to GA to find the true length of the intercepts and
measure these distances on the corresponding lines of the develop-
ment. Find the true size of the cut face and attach it to the
development.
~ The rectangular pyramid Fig. 211 is develped in a similar way,
but as the edge EA is not parallel to the plane of projection it.
must be revolved to EA’ to obtain its true length.

To develop the truncated cone, Fig. 212.
Divide the base into a convenient number of equal parts,
project these points on the front view and draw the elements
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Double-curved surfaces are developed approximately by
assuming them to be made up of parts of developable surfaces.
Thus the sphere may be made of sections of cylinders whose

[/

]
|
i
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Fia. 213.—Sphere, gore method

diameter 1s equal to the diameter of the sphere, and developed
as in Fig. 213, or it may be made up of frustra of cones and
developed as in Fig. 214.

Fie. 214.—Sphere, zone method.

Triangulation.

The commonest and best method for approximate develop-
ment is by triangulation, 7.e., assuming the surface to be made
up of a large number of triangular strips, or planetriangles with
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very short bases. This is used for all warped surfaces, and for
oblique cones, which, although single-curved surfaces, and capable
of true theoretical development, can be done much more easily
and accurately by triangulation,

The method is extremely simple. It consists merely in divid-
ing the surface into triangles, finding the true lengths of the sides
of each, and constructing theé triangles one at a time, joining
them on their common sides. A study of Fig. 215, the develop-
ment of an oblique cone, will explain the method completely.

F16. 215.—Development of oblique cone by triangulation.

In this case the triangles all have a common vertex, the apex of
the cone, their sides are elements, and their bases the chords of
short arcs of the base of the cone.

Divide the base into a number of equal parts 1, 2, 3, ete. (as
the plan is symmetrical about the axis A*C* one-half only need
be constructed). If the seam is to be on the short side, the line
Af] will be the center line of the development and may be drawn
directly at A’C’ as its true length is given. Find the true lengths
of the elements 14, 24, etc., by revolving them until parallel to
V. This may be done without confusing the H and V projections,
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by constructing the triangles for the true lengths in an auxiliary
figure as shown, laying off the lengths of the H projections as
bases on the line DC’ and connecting with the point A””. With
A’ as center and radius A’l’ draw an arc on each side of A’C’.
With ¢’ as center and radius C*1 intersect these arcs at 1’.
Then A’l’ will be the developed position of the element Al.
With 1’ as center and arc 1, 2, intersect A’2” and continue the
operation.

¥i6. 216.—Development of oblique cone by triangulation.

Fig. 216 is an oblique cone connecting two parallel pipes of
different diameters. This is developed in the same way as Fig.
215, except that the true size of the base is not given in the top
view and must be revolved until parallel to H, as shown.

Transition Pieces. .

Transition pieces are used to connect pipes or openings of
different shapes of cross-section. Fig. 217, for connecting a
round pipe and a square pipe on the same axis, is typical. These
are always developed by triangulation.

The piece shown in Fig. 217 is evidently made up of four
isosceles triangles whose bases are the sides of the square, and
four parts of oblique cones. As the top view is symmetrical



110 ENGINEERING DRAWING

about both center lines, one-fourth only need be divided. The
construction is illustrated clearly in the figure.

F1e. 218.—Transition piece.

Fig. 218 is another transition piece from rectangular to round.
By using the turned sections of one-half the round opening, the
need of the full side view is avoided.
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The Intersection of Surfaces.*

The habit should be formed of thinking of surfaces as made up
of elements, the successive positions of the generating line.
When two surfaces intersect, their common line, the line of
intersection, would be found by connecting the points at which
the elements of one surface pierce the other.

Two reasons make it necessary for the draftsman to be familiar »
with the methods of finding the intersections of surfaces, first,
intersections are constantly occurring on working drawings, and
must be represented, second, in sheet metal combinations the
intersections must be found before the pieces can be developed.
In the first case it is only necessary to find a few points usually,
and “guess in” the curve; in the second case enough points
must be determined to enable the development to be laid out
accurately.

Intersection of Two Cylinders.

Any practical problem resolves itself into some combination of
the geometrical type forms of solids.

In Fig. 219 the intersection of two cylinders might represent a
dome on a boiler. If the top view of the cylinder A is divided

( =

into a number of equal parts the points will represent the top
views of elements. Draw the side views of these elements, which
will pierce the cylinder B as shown. If these points be projected

across to meet the corresponding elements on the front view the
intersections will be points on the curve. Since the axes inter-

Fia. 219.—Intersection of two cylinders.

* Often called “penetrations’ or “interpenetrations.”
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sect, the projection of the invisible part of the curve will coincide
with the visible part. ' ,

The method of development of the cylinder A is evident from
the figure. °

In general, the method of finding the line of intersection of any
two surfaces is to pass a series of planes through them in such a
way as to cut from each the simplest lines. The intersection of
these lines will be points on the curve.

In Fig. 219 the plane 7 may be assumed as cutting out two
elements from the cylinder A whose intersections with the ele-
ment cut from the cylinder B, being points common to both
cylinders, will be points on the curve, as shown in the sketch.

Deveoprnerns of A

Fic. 220.—Two cylinders, axes not intersecting.‘

This principle is illustrated in Fig. 220 with two cylinders whose
axes do not intersect. If the cylinder A were to be developed a
right section as at S-S would have to be taken, whose stretchout
would be a straight line. If the cutting planes were taken at
uniform distances apart, or at random, the elements would not
be spaced uniformly on the stretchout but would be found as
they project on the turned section of S-S.

Intersection of Cylinder and Cone. .

To find the intersection of a cylinder and a cone the cutting
planes may be taken so as to pass through the vertex of the cone
and parallel to the elements of the cylinder, thus cutting ele-
ments from both cylinder and cone; or with a right cone they may
be taken perpendicular to the axes, so as to cut circles from the
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. cone. Both these methods are illustrated in Fig. 221. Some
judgment is necessary in the selection both of the direction and
number of the cutting planes. More points need be found at the

Fia. 221.—Intersection of cylinder and cone.

‘places of sudden curvature or change of direction of the line of
intersection.

Cutting spheres instead of planes may be used to advantage in
some cases. If any surface of revolution be cut by a sphere whose

Fra. 222, Fi1c. 223.

center is on the axis of revolution, the intersection will be a

circle. This principle may be employed in finding the inter-

section of a cylinder and cone of revolution, whose axes intersect,
8
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as in Fig. 222. If spheres be drawn with center at the intersec-
tion of the axes they will cut circles from each, whose intersection
will be points on the curve.

The intersection of two cones of revolution may be found in the
same way, Fig. 223. The cone B would be developed by cutting
a right section as S-S whose stretchout will be a cirele are, locat-
ing the elements on it and finding the true length of each from
the vertex to the line of intersection

F1c. 224.—Intersection of a éurface of revolution and a plane.

It is often necessary on a drawing to represent the line of inter-
section of a plane and a surface of revolution, such as is shown
in Fig. 224. The method is clearly illustrated in the figure. A
series of planes as S-S are passed perpendicular to the axis of
revolution, cutting out the circles shown on the end view. The
points at which these circles cut the “flat” are projected back
as points on the curve.

PROBLEMS.

Selections from the following problems may be constructed
accurately in pencil, without inking. Any practical problem can
be resolved into some combination of the “type solids,” and the
exercises given illustrate the principles involved in the various
combinations.

When time permits, an added interest in developments may
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be found by working the problems on suitable paper, allowing for
lap, and cutting them out.

In the sheet metal shops, development problems, unless very
complicated, are usually laid out directly on the iron.

Except when noted, the following problems may be drawn in a
space 4”7 x 5”.

Group I.—Prisms, Fig. 225.
Prob. 1. Develop entire surface of triangu-
lar prism (A)
2. Develop entire surface of pentag—

TR AV}
VAV
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L

3. Develop entire surface of oblique
square prism ©)
4. Develop entire surface of trlangu—
lar prism (D)
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12.

Complete top view and develop
surface of oblique hexagonal
pyramid (D)

Group IV.—Cones, Fig. 228.

Prob. 13.

14,

15.

16.

Complete top view, and develop

cone A)
Complete top view, and develop
flange and hood cones of (B)
Complete top view, and develop
cone ©)
Complete top view, and develop
cone (D)

Fic. 229.

Group V.—Triangulation, Fig. 229 (space 5”x 8”).

Prob. 17.
18.
19.
20.
2%
22

Develop conical connector A)
Develop connnector (B)
Develop transition piece ©)
Develop transition piece (D)
Develop offset boot (E)
Develop three-way pipe ()

117
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29. Find the line of intersection of

two cylinders (C)
30. Find the line of intersection of
two cylinders (D)

-

‘ —
._ 't—

4

Frgc. 231.

Group VIII.—Intersection of Cylinder and Cone, Fig. 232.
Prob. 31. Find the line of intersection of

cylinder and cone ' (A)
32. Find the line of intersection of
cylinder and cone (B)
33. Find the line of intersection of
cylinder and cone ©)
34. Find the line of intersection of
cylinder and cone . (D)
35. Find the line of intersection of
cylinder and cone )

36. Find the line of intersection of
cylinders and cone @ -
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Group IX.—Intersection of Two Cones, Fig. 233.
Prob. 37. Find line of intersection of two

cones (A)
38. Find line of intersection of two
cones (B)

If desired, any of the figures in Groups VII, VIIT and IX may
be developed, in a space 4”x 5”.

Fic. 234,

Group X.—Intersection of Surfaces by Planes, Fig. 234.

Prob. 39. Find line of intersection of (A)
40. Find line of intersection of (B)
41. Find line of intersection of ©)

42, Find line of intersection cut by
planes B and S from cast-iron
transition piece D)

43. Find line of intersection cut by
planes R S and T from cast-iron
transition elbow (E)



CHAPTER VIIL
PICTORIAL REPRESENTATI ON.

We have noted the difference between perspective drawing and
orthographic projection. Perspective drawing shows the object
as it appears to the eye, but its lines cannot be measured directly.
Orthographic projection shows it as it really is in form and
dimensions, but to represent the object completely we have
found that at least two projections were necessary, and that an
effort of the geometrical imagination was required to visualize
it from these views. To combine the pictorial effect of perspec-
tive drawing with the possibility of measuring the principal
lines directly, several kinds of one plane projection or conven-
tional pieture methods have been devised, in which the third
dimension is taken care of by turning the object in such a way
that three of its faces are visible. With the combined advan-
tages will be found some serious disadvantages which limit their
usefulness. They are distorted until the appearance is often
unreal and unpleasant; only certain lines can be measured; the
execution requires more time, particularly if curved lines occur,
and it is difficult to add many figured dimensions, but with all
this, the knowledge of these methods is extremely desirable and
they can often be used to great advantage. Structural details
not clear in orthographic projection may be drawn pictorially,
or illustrated by supplementary pictorial views. Technical
illustrations, patent office drawings and the like are made
advantageously in one plane projection; layouts and piping plans
may be shown, and many other applications will occur to drafts-
men who can use these methods with facility. One of the uses to
which we shall apply them is in testing the ability to read glih_o-
graphic projections bv translating into pictorial representation.

Isometric Drawing.

The simplest of these systems is isometric drawing.
If a cube in orthographic projection, Fig. 235, be conceived as
revolved about a vertical axis through 45 degrees, then tilted
122 ;



PICTORIAL REPRESENTATION 123

forward until the edge AD is foreshortened equally with AB and
AC, the front view in this position is said to be in isometric
(equal measure) projection. The three lines AB, AC and AD
make equal angles with each other and are called the isometric
axes. Since parallel lines have their projections parallel, the
other edges of the cube will be respectively parallel to these axes.
Any line parallel to an isometric axis is an isometric line, and the
planes of these axes and all planes parallel to them are called
isometric planes. It will thus be noticed that any line or plane

% L
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F1c. 235.—Revolution to isometrie position.

which in its orthographic projection is perpendicular to either of
the reference planes, will be an isometric line or plane.

In this isometric projection the lines have been foreshortened
to approximately 81/100 of their length and an isometric scale
to this proportion might be made as drawn in Fig. 236. If the
amount of foreshortening be disregarded and the full lengths
laid off on the axes, a figure slightly larger but of exactly the
same shape would result. This is known as isometric drawings
As the effect of increased size is usually of no consequence, and
the advantage of measuring the lines directly with an ordinary
scale is a great convenience, isometric drawing is used almost
exclusively instead of isometric projection.

To make an isometric drawing of a rectangular object start
with the three axes 120 degrees apart, drawing one vertical, the
other two with the 30-degree triangle. Let this represent the
front corner of the object and measure on the three lines its
length, breadth and thickness, Fig. 237. To draw intelligently in
isometrie it is only necessary to remember the direction of the
three principal isometric planes. Hidden lines are always
omitted except when necessary for the description of the piece.
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Lines not parallel to one of the isometric axes are called non-
isometric lines. The first rule is, measurements can be made only
on isometric lines; and conversely, measurements cannot be made
on non-isometric lines. Thus the diagonals of the face of the
cube, Fig. 235, are non-isometric lines, and although equal in

F1a. 236.—An isometric seale. Fia. 237.—The isometric axes.

length, are evidently of very unequal length on the isometric
drawing.

To draw an object composed of non-isometric lines, an iso-
metric construction must be built up and the points located by

N\

VAU
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Fia. 238.—Isometric construction lines.

isometric coordinates. Thus the hexagonal prism, Fig. 238,
may be enclosed in the rectangular box and the corners located
on these isometric lines by measuring the orthographie projection.

It is not at all necessary actually to enclose the object in rec-
tangular construction. In many instances it is better to get the
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isometric coordinates by offsets. Figs. 239 and 240 are self-
explanatory.

Of course angles in isometriec drawing cannot be measured in
degrees. In general to represent any angles, or combination of
non-isometric lines, their orthographic view must be drawn first,

Y
N\

F1a6. 239.—Offset construction.

7

adding construction lines which can be drawn isometrically, and
transferring the measurements from the orthographic to these
isometric lines.

A circle on any isometric plane would be projected as an
ellipse. It may be constructed from the orthographic projection
by coordinates, or by the method of conjugate diameters. A

€
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Fic. 240.—Offset construction.

four-centered circle-are approximation sufficiently accurate for
all ordinary work is made by drawing a perpendicular from the
point of tangency, that is, the middle point of each side of the
square. As the center of any arc tangent to the line at this point
must lie on the perpendicular, the intersections of these perpen-
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diculars would be centers for arcs tangent to two sides, Fig. 241.
Two of these intersections will evidently fall in the corners of the
square, as the lines are altitudes of equilateral triangles. The
construction of Fig. 241 may thus be made by simply drawing

I'1G. 241.—Approximate isometric circle.

60-degree lines from the corners A and B. To draw any circle-
arc, the isometric square of its diameter should be drawn in the
plane of the face, with as much of this construction as is necessary
to find centers for the part of the circle needed. Fig. 242 shows
arcs on the three visible faces with the construction indicated.

F1G. 242.—Construction of isometric circles.

If a true ellipse be plotted in the same square as this four-
centered approximation it will be. a little longer and narrower,
and of more pleasing shape, but in the great majority of drawings
the difference is not sufficient to warrant the extra expenditure
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of time required in execution. The construction of a closer
approximation with eight centers as illustrated in Fig. 243. This
might be used when a more accurate drawing of an inscribed
circle is required.

It is evident that the isometric drawing of a sphere would

Fic. 244.—Reversed axes.

have a diameter equal to the long axis of the ellipse inseribed in
the isometric square of the real diameter of the sphere, as this
ellipse would be the isometric of a great circle of the sphere.

It is often desirable to show the lower face of an object by
tilting it back instead of forward, thus reversing the axes to the

Fic. 245.—Construction with reversed axes.

position of Fig. 244, The construction is just the same but the
direction of the principal isometric planes must be remembered.
Figs. 245 and 246 are applications. Sometimes a piece may be
shown to better advantage with the main axis horizontal as in
Fig. 247.
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The isometric section and half section may sometimes be
employed to good advantage. The cutting planes are taken as
isometric planes, and the section lining done in a direction to give
the best effect. Figs. 248 and 249 are examples.

Shade lines in isometric drawings have no value so far as aiding
in the reading is concerned, but they may by their contrast add

~

Fi1a. 250. Fia. 251.

some attractiveness to the appearance. Assuming the light as
coming from the left in the direction of body diagonal of a cube,
and disregarding shadows, shade lines separating light from dark
faces would be added as in Fig. 250.

Another method popular among patent draftsmen and others
using this kind of drawing for illustration, is to bring out the
nearest corner with heavy lines, as Fig. 251.

A 8
Fi1c. 252.—Illustration of first rule.

Oblique projection, sometimes called cavalier projection, is
based on the theoretical principle that with one face of the object
parallel to the picture plane, if the projectors instead of being
perpendicular to it as in orthographic and isometric, make an
angle of 45 degrees with it in any direction, lines perpendicular

9
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to the plane would be projected in their true length. It would
thus be similar to isometric in having three axes, representing
three mutually perpendicular lines, upon which measurements
could be made. Two of the axes would always be at right angles
to each other, being in the plane parallel to the picture plane,

Fic. 253.—Illustration of second rule.

and the cross axis might be at any angle, 30 degrees being gener-
ally used. Thus any face parallel to the picture plane will be
projected without distortion, an advantage over isometric of
particular value in the representation of objects with circular or

Fic. 254.—(A) not (B).

irregular outline, and the first rule for oblique projection would
be, place the object with the irregular outline or contour parallel
to the picture plane. Fig. 252 A instead of B or C.

One of the greatest disadvantages in the use of either isometric
or oblique drawing is.the effect of distortion produced by the lack
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of convergence in the receding lines, the violation of perspective.
* This in some cases, particularly with large objects, becomes so
painful as practically to prohibit the use of these methods. It
is perhaps even more noticeable in oblique than in isometric,
and of course increases with the length of the cross axis. Hence

Fig. 255.

the second rule, always have the longest dimension parallel to
the picture plane. A not B in Fig. 253.

" In case of conflict between these two rules the first should

have precedence, as the advantage of having the irregular face
without distortion is greater than is gained by the second rule.

Fig. 254.

Fic. 256.—Offsets from right section.

It will be noted that so long as the front of the object is in one
plane parallel to the plane of projection, the front face of the
oblique projection is exactly the same as the orthographic.
When the front is made up of more than one plane, particular
care must be exercised in preserving the relationship by selecting
one as the starting plane and working from it. In such a figure

- as the link, Fig. 255, the front bosses may be imagined as cut off
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on the plane A-A, and the front view, 7.e., the section on 4-A
drawn as the front of the oblique projection. On axes through
the centers C and D the distances CE behind and CF in front may
be laid off. When an object has no face perpendicular to its

Fic. 257.—Piping system in oblique drawing.

base it may be drawn in a similar way by cutting a right section
and measuring offsets from it as in Fig. 256.

This offset method, previously illustrated in the isometric
drawings, Figs. 239 and 240, will be found to be a most rapid and
convenient way for drawing almost any figure, and it should be
studied carefully.

Fia. 258.—Circle construction. Fic. 259.—*‘Cabinet” drawing.

Fig. 257 is an illustration of a piping lay-out, showing the value
of oblique drawing in explaining clearly what would be very
difficult to represent in orthographic.

Circles in oblique drawing may either be plotted, or may be
drawn approximately, on the same principle as Fig. 241, by
erecting perpendiculars at the middle points of the containing
square. In isometric it happens that one intersection falls in
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the corner of the square, and advantage is taken of the fact.
In oblique its position depends on the angle of the cross axis.
Fig. 258 shows three oblique squares at different angles and their
inscribed circles. ,

Cabinet drawing is a modification of oblique projection in
which all the measurements parallel to the cross axis are reduced
one-half, in an attempt to overcome the appearance of excessive
thickness produced in oblique drawing. The cabinet drawing
Fig. 259 may be compared with the oblique drawing Fig. 255.

Axonometric Projection.

The principle of isometric projection was shown in the double
revolution of the cube. A cube might be revolved into any
position showing three of its faces, and the angles and proportion-
ate foreshortening of the axes used as the basis for a system of

]

;

t::..) o

—

/
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Fia. 260.—Dimetric projection.

pictorial representation, known in general as axonometric (or
axometric) projection. Isometric projection is therefore simply
a special case in which the axes are foreshortened equally.

Other positions which would show less distortion may be
chosen, but on account of the added time and special angles
necessary for their execution, are not often used.

When two axes are equal, and the third unequal, the system
is sometimes called “dimetric’’ projection. A simple dimetric
projection in which the ratios are 1:1:1/2 is shown in Fig. 260.
In this position the tangents of the angles are 1/8 and 7/8,
making the angles approximately 7 and 41 degrees.
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A simple and pleasing system known as clinographic projection
is used in the drawing of crystal figures in mineralogy. It is a
form of oblique projection in which the figure is imagined as
revolved about a vertical axis through an angle whose tangent
is 1/3, then the eye (at an infinite distance) elevated through an
angle whose tangent is 1/6. Fig. 261 is a graphic explanation.

(1) represents the top and front views of the three axes of a
cube.

(2) is the top view revolved through tan-! 1/3.

(3) I1s the side view of (2).

(4) is a front view projected from (2) and (3), the projectors
from (3) being at tan-* 1/6.

Fia. 261.—Analysis of clinographic axes.

When used in crystallography a diagram of the axes is usually
constructed very accurately on card board, and used as a templet
or stencil, transferring the center and terminal points by pricking
through to the sheet on which the drawing is to be made. Fig.
262 shows, in stages, a method of constructing this diagram,
which as will be seen is simply a combination in one view of 2
3, and 4 of Fig. 261. Take MON of convenient length, divide
it into three equal parts, at @ and H, and draw perpendiculars as
shown. Make MS =1/2 MO and draw S’OD. Then CD will be
one horizontal axis.

Make ML =1/20G and draw LO. Project the point of inter-
section of LO and GC back horizontally to LM at A, then AOB
will be the other horizontal axis.
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To obtain length of vertical axis make ME =O0G, and lay off
OE and OF = OF'.

F16. 262.—Stages of construction of clinographic axes.

The axial planes, and some crystals drawn on these axes, are
shown in Fig. 263.

i‘xG. 263.,—Crystals in clinographic projection.

These axes are for the isometric system of crystals. Axes for
the other erystal systems may be constructed graphically in the

Tl - 22|
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Frc. 264, Fie. 265.

same way, by drawing their orthographic projections, revolving,
and projecting to the vertical plane with oblique projectors as
was done in Fig. 261.
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Do not show invisible lines, except when necessary to explain
construction.

Group I.—Isometric Drawing:
Prob. 1. Isometric drawing of the oil-stone, Fig. 264.

Full size.
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F1a. 271. Fia. 272.
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2. Isometric drawing of truncated pyramid, Fig. 265.
Full size.

3. Isometric drawing of steps, Fig. 266. Full size.

4. Tsometric drawing of a 1 1/2” cube with circles on
the three visible faces (approx. method).
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Bolrom view
Fig. 274.

5. Isometric drawing of brass, Fig. 267. Scale
GU=1
6. Isometric drawing of bracket, Fig. 268. Full size.
Prob. 7. Isometric drawing of brick, Fig. 269. Full size.
8. Isometric drawing of brick, Fig. 270. Full size.
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Isometric half-section of cone, Fig. 278. Scale
67=1".

Isometric half-section of gland, Fig. 279. Scale
6/1:1/. -

F1a. 278,

Group III.—Oblique Drawing :

Prob. 18. Oblique drawing of block, Fig. 280, 30 degrees to
the left. Full size.

19. Oblique drawing of block, Fig. 281, 30 degrees to
the right, full size. :

20. Oblique drawing of grindstone, Fig. 282, 45 de-
-grees to the right. Scale 17=1".

ﬁs. 3"3;
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Fia. 280. Fia. 281,

21. Oblique drawing of 1 1/2” cube, 30 degrees to the
right, with circles on the three visible faces
(approximate).

22. Oblique drawing of 1 1/2” cube, 45 degrees to the
left, with circles on three visible faces (approxi-
mate).

23. Oblique drawing of column section, Fig. 283, 30
degrees to the left. Scale 11/2"=1".

24. Oblique drawing of monument, Fig. 284, 30

degrees to the right. Scale 1/27=1".
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29. Oblique drawing of link, Fig. 289, 30 degrees to
the right. Full size.

30. Oblique drawing of cap, Fig. 290, 45 degrees to
the left. Scale 6”7=1".

Fic. 291.

F1a. 292.
31. Oblique drawing of cam, Fig. 291, 30 degrees to
the right. Scale 3”=1".

32. Oblique drawing of bearing. Fig. 292, 30 degrees
to the right. Scale 6”=1",
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33. Oblique drawing of moulded brick and face
return, Fig. 293, 45 degrees to the right, axes
reversed to show under side. Scale 3”"=1".

34. Oblique drawing of culvert arch, Fig. 294, 30
degrees to the left, draw by offsets from right
section. T'ull size.
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Group IV. —Cabinet and Dimetric Projection.

Prob. 35. Cabmet prOJectlon of frame, Fig. 295 Scale '
3/4"= o
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CHAPTER IX.
WorkiNG DRAWINGS.

A working drawing is a drawing that gives all the information
necessary for the complete construction of the object represented.

It will thus include: (1) The full graphical representation of
the shape of every part of the object. (2) The figured dimen-
sions of all parts. (3) Explanatory notes giving specifications
in regard to material, finish, etc. (4) A descriptive title.

Although isometric, oblique and cabinet drawing are used to
some extent in special cases, the basis of practically all working
drawing is orthographic projection. To represent an object
completely, at least two views would be necessary, often more.
The only general rule would be, make as many views as are
necessary to describe the object, and no more.

Instances may occur in which the third dimension is so well
understood as to make one view sufficient, as for example in the
drawing of a shaft or bolt. In other cases perhaps a half dozen
views might be required to show the piece completely. Some
thought will be involved as to what views will show the object
to the best advantage; whether an auxiliary view will save one
or more other views, or whether a section will better explain the
construction than an exterior view. One statement may be

.made with the force of a rule—If anything in clearness may be
gained by the violation of any one of the strict prineciples of
projection, violate it.

This statement is of sufficient importance to warrant several
examples, although there is no guide but the draftsman’s judg-
ment as to when added clearness might result by disregarding a
theoretical principle.

If a six-arm wheel, Fig. 301, be shown in section as if cut by a
plane A-A, the true projection would be as A; if cut by,a plane
B-DB the true projection would be as B. Neither of the,/se would
be good practical working drawings, the first does not show the

10 145
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omitting the lining on the rib, as if the section were just in front
of it, as at B, or by running every other line across the rib
section, as at C.

Often a true section would give an unsymmetrical appearance
to the drawing of a symmetrical piece. In such cases principle
should be violated to preserve the effect of symmetry. Iig. 303
is an illustration.

NN

Fia. 303.—A symmetrical section.

Classes of Working Drawings.

Working drawings may be divided into two general classes,
agssembly drawings and detail drawings.

An assembly drawing or general drawing is, as its name implies,
a drawing of the machine or structure showing the relative
positions of the different parts.

A detail drawing is the drawing of a separate piece or group of
pieces, giving the complete description for the making of each
piece. In a very simple machine the assembly drawing may be
made to serve as a detail drawing by showing fully the form and
dimensions of each part composing it.

Under the general term assembly drawing would be included
preliminary design drawings and layouts, piping plans, and final
complete drawings used for assembling or erecting the machine
or structure.

The design drawing is the preliminary layout, full size if
possible, on which the scheming, inventing, and designing is
worked out accurately after freehand sketches have determined
the general ideas. From it the detail drawings of each piece are
made. The design drawing may be finished and traced to form
the assembly drawing, or the assembly drawing may be drawn
from it, perhaps to smaller scale to fit a standard sheet.
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The assembly drawing would give the over-all dimensions, the
distances from center to center or from part to part of the
different pieces, indicating their location and relation so that the
machine could be erected by reference to it. _

The grouping of the details is entirely dependent upon the
requirements of the shop system. In a very simple machine
and if only one or two are to be built, all the details may perhaps
be grouped on a single sheet. If many are to be built from the
same design, each piece may have a separate sheet. In general,
it is a good plan to group the parts of the same material or
character. Thus forgings may be grouped on one sheet, bolts
and screws on another.

A complete set of working drawings therefore consists of
assembly sheets, and detail sheets for each of the classes of work-
men, as the patternmaker, blacksmith, machinist, ete. These
special drawings need not include dimensions not needed by
those trades. The set may include also drawings for the
purchaser.

There is a “style’” in drawing, just as there is in literature,
which in one way indicates itself by the ease of reading. Some
drawings “stand out,” while others which may contain all the
information are difficult to decipher. Although dealing with
“mechanical thought,” there is a place for some artistic sense in
mechanical drawing. The number, selection, and disposition of
views, the omission of anything unnecessary, ambiguous, or
misleading, the size and placing of dimensions and lettering, and
the contrast of lines are all elements concerned in the style.
Order of Penciling.

In penciling a working drawing the order should be as follows:
first, lay off the sheet to standard size, with border (1/2 inch),
and block out space for the title; second, plan the arrangement
by making a little preliminary freehand sketch, guessing roughly
at the space each figure will occupy, and placing the views to the
best advantage for preserving if possible a balance in the appear-
ance of the sheet; third, draw the center lines for each view, and
on these lay off the principal dimensions. In Chapter.VI the
general principle was given that the view showing the character-
istic shape should be made first. The different projections should
however be carried on together and no attempt made to finish
one view before drawing another. Fourth, finish the projections,
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putting in minor details last; fifth, draw the necessary dimension
lines and add the dimensions; sixth, lay off the title; seventh,
check the drawing carefully.

Fig. 304 illustrates the stages of penciling a drawing. Over-
lapping and overextending pencil marks should not be erased
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F1c. 304.—Stages of penciling.
until after the drawing has been inked. These extensions are
often convenient in preventing the overrunning of inklines. All
unnecessary erasing should be avoided as it abrades the surface,
of the paper so that dirt catches more readily.
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Fic. 305.—Stages of inking,

Order of Inking.

First, ink all circles, then circle arcs; second, ink the straight
lines in the order,—horizontal, vertical, inclined; third, ink center
lines; extension and dimension lines; fourth, ink the dimensions;
fifth, section line all cut surfaces; sixth, ink notes, title, and
border line; seventh, check the tracing. Figure 305 shows the
stages of inking.
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DIMENSIONING.

After the correct representation of the object by its projec-
tions, the entire value of the drawing as a working drawing lies
in the dimensioning. Here our study of drawing as a language
must be supplemented by a knowledge.of the shop methods
which will enter into the construction. The draftsman to be
successful must have an intimate knowledge of pattern making,
forging, sheet metal working and machine shop practice.

The dimensions put on a drawing are not those which were
used in making it, but those necessary and most convenient for
the workman who is to make the piece. The draftsman must
thus put himself in the place of the pattern maker, blacksmith or
machinist, and mentally construct the object represented, to
see if it can be cast or forged or machined practically and eco-
nomically, and what dimensions would give the required infor-
mation in the best way. In brief, the drawing must be made
with careful thought of its purpose.

General Rules for Dimensioning.

In the alphabet of lines in Fig. 62 the dimension line was shown
as a fine full line, with long arrow heads whose extremities
indicate exactly the points to which the dimension is taken, and
having a space left for the figure.

Some practice uses a long dash line, and some a red line for
dimension lines. It is common practice among structural
draftsmen to place the dimension above the continuous line as
in Fig. 346, but it is not recommended for machine or architec-
tural work.

Dimensions of course always indicate the finished size of the
piece, without any reference to the scale of the drawing.

Dimensions should read from the bottom and right side of the
sheet, no matter what part of the sheet they are on.

Dimensions up to 24” should always be given in inches. An
exception is again noted in structural practice. Over 24”
practice varies, but the majority use feet and inches. The sizes
of wheels, gears, pulleys and cylinder bores, the stroke of pistons,
and the length of wheel bases are always given in inches; and
sheet metal work is usually dimensioned in inches.

Feet and inches are indicated thus 5—6” or 5 ft.—6”. When
there are no inches, it should be indicated as 5'-0”, 5'~03".
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Fractions must be made with a horizontal line as 217, 3;%”.

The diameter of a cirele should be given, not the radius.

In general give dimensions from center lines, never from the
edge of a rough casting.

Have figures large enough to be easily legible. In an effort
for neatness the beginner often gets them too small.

Radii of ares should be marked R or Rad.

Dimensions should generally be placed between views.

D
S

Fia. 306.—Example of dimensioning.

In general do not repeat dimensions on adjacent views.

Preferably keep dimensions outside the figure unless added
clearness, simplicity, and ease of reading the drawing will result
from placing them in the figure. 'See Fig. 306.. Keep them off
sectioned surfaces if possible.

Extension lines should not touch the outline.

Always give an over-all dimension. Never require the work-
man to add or subtract figures.

Never use any center line as a dimension line.

Never put a dimension on a line of the drawing,.

A dimension not agreeing with the scaled distance, or which
has been changed after the drawing has been made should be
heavily underscored as in Fig. 307 (2), or marked as in (3).
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Dimensions must never be crowded. If the space is small,
methods as illustrated in Fig. 307 (4) (5) (6) (9), etc., may be used.

The direction in which a section is taken should be indicated
by arrows on the line representing the cutting plane, as in (29).

If it is possible to locate a point by dimensions from two center
lines, do not give an angular dimension.
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Fi1c. 307.—Dimensions.

The Finish Mark.

Several methods are used for indicating that certain parts are
to be machined, and that allowance must therefore be made on
the casting or forging for finish. The symbol in common use is
a small “f”” placed on the surface, on the view which shows the
surface as a line, Fig. 307 (26). If the piece is to be finished all
over, the note “f. all over” is placed under it, and the marks
on the drawing omitted. ’

Another finish mark, proposed by Professor Follows for
adoption as a standard, is shown at (27). It has a distinct
individuality, and, by pointing to the line instead of crossing it,
does not mar the appearance of the drawing as the “f” .does.
The symbol as used in (28) indicates that the entire surface
between the extension lines is to be finished.

Some elaborate symbols for different kinds of finish have been
devised, but it is much better to specify these in words.

Notes and Specifications.

Some necessary information cannot be drawn, and hence
must be added in the form of notes. This would include the
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number required of each piece, the kind of material, kind of
finish, kind of fit (as force fit, drive fit, etc.), and any other
specifications as to its construction or use.

Do not be afraid of putting notes on drawings. Supplement
the graphic language by the English language whenever added
information can be conveyed, but be careful to word it so clearly
that the meaning cannot possibly be misunderstood.

If a note as to the shape of a piece will save making a view,
use it.

If two pieces are alike, but one ‘“right-hand” and the other
“left-hand,” one only is drawn and a note added 1-R. H., 1-L. H.

Standard bolts and screws are never detailed, but are specified
in the bill of material. ' ~

The bill of material is a tabulated statement placed on a draw-
ing, or in some cases, for convenience, on a separate sheet, which
gives the mark, name, number wanted, size, material, pattern
number, and sometimes the weight, of each plece A column
giving the over-all dimensions of the piece when crated or boxed
for shipping is sometimes added, particularly in manufactures
for foreign shipment. A final column is usually left for

“remarks.” '

Fig. 308 is a detail drawing illustrating the use of the b111 of

material.

Title.*

The title to a working drawing is usually boxed in the lower
right hand corner, the size of the space varying of course with
the size of the drawing. For 12”x18” sheets the space reserved
may be about three inches long. For 187x24” sheets four or
four and a half, and for 24”x36” sheets five or five and a half
inches.

A form of title which is growing in favor is the record strip,
a narrow strip marked off entirely across the lower part of the
sheet, containing the information required in the title, and
ample space for the record of orders, changes, ete. Fig. 309
illustrates this form.

It is sometimes desired to keep records of orders and other
private information on the tracing, but not have them appear

*For a full discussion of titles for different classes of drawings see “The
Essentials of Lettering,” from which this paragraph is condensed.
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on the print.
strip are used, and the record strip trimmed off the print before

sending it out.

Contents of Title.
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In such case both the corner title and record

In general the title of a machine or structural drawing should

contain:

(1) Name of machine or structure.
(2) General name of parts (or simply ‘“details”).

2895/ | THE THOMPSON AUTOMOBILE CO. DETROIT, MICH. | Scale 6%/ I
s | 1] S0 1225 [2] 3] CAR A-6-60-1/ |y,
[Fraces 5-20-57 | D Changed from /0 DETAIL E
D @ on ol CSYLiIDERS S
c~§~ws-:»u onged 41 5_2_ ™ 5., l

(3) Name of purchaser, if special machine.

Fic. 309.—A record strip.

(4) Manufacturer; company or firm name and address.

(5) Date; usually date of completion of tracing.

(6) Scale or scales; desirable on general drawings, often
omitted from fully dimensioned detail drawings.

(7) Drafting room record; names, initials or marks of the
draftsman, tracer, checker, approval of chief draftsman,
engineer or superintendent.

The Jeffrey Mfg. Co.

COLUMBUS, OHIO, U. S. A.

Engineering Department.
CONVEYING AND ELEVATING MACHINERY.

DIRECVADR ot Ll et

SCALE

DRAWN. DATE. APPROVED ...............
" TRACED “

CHEGOKED.L. o5 5eut 1

(20,7 T{on o e e

(8) Numbers; of the drawing, of the order.

Fic. 310.—A printed title form.

The filing

number is often repeated in the upper left hand corner
upside down, for convenience in case the drawing should
be reversed in the drawer. .
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The title should be lettered freehand in single stroke capitals,
either upright or inclined, but never both styles in the same title.

Any revision or change in the drawing should be noted, with
date, in the title or record strip.

Every drafting room has its own standard form for titles.
Tn large offices this is often printed in type on the tracing cloth.
Figs. 310 and 311 are characteristic.examples.

Sometimes a title is put on with a rubber stamp, and inked
over while wet.

GeNERAL NotEs. AppROVED e
-1 4
MATERIAL
BiLL OF MATERIAL SHEETNO.
Ruvers ConTRACT o
OPEN HOLES.
Reamina. SHEET Moo or__
ASBIMBLING PAINT.
SHOP PRINT
F1EL0 PAINT. LOCATION
f BULLY BY
INSPECTED BY
Entered ay. KinG BRiDGE ComPANY
FieLo CLEVELAND, OHIO
F.0.B O
Smir

Fig. 311,—A printed title form.

In commercial drafting, accuracy and speed are the two require-
ments. The drafting room is an expensive department, and
time is an important element. The draftsmen must therefore
have a ready knowledge not only of the principles of drawing,
but of the conventional methods and abbreviations, and any
device or system that will save time without sacrificing effective-
ness, is desirable.

FASTENINGS.

In every working drawing will occur the necessity of repre-
senting the methods of fastening parts together, either with
permanent fastenings (rivets) or with removable ones (bolts,
screws and keys), and the draftsman must be thoroughly familiar
with the conventional methods of their representation.
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The Helix.

A helix is the line of double curvature generated by a point
moving uniformly along a straight line while the line revolves
uniformly about another line, as an axis.

The distance advanced parallel to the axis in one revolution is
called the pitch. If the moving line is parallel to the axis it will
generate a cylinder, and the word “helix” alone always means
a cylindrical helix. If the moving line intersects the axis (at an
angle less than 90 degrees) it will generate a cone and the curve
made by the moving point will be a conical helix. When the
angle becomes 90 degrees the helix degenerates into a spiral.
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Fic. 312.—Construction of the helix.

To Draw a Helix.—Divide the circle of the base of the cylinder
into a number of equal parts, and the pitch into the same number.
As the point revolves through one division it will advance one
division of the pitch, when half way around the cylinderit will have
advanced one-half the pitch. Thus the curve may be found by
projecting the elements represented by the divisions of the circle,
to intersect lines drawn through the corresponding divisions of
the piteh, as in Fig. 312.

The conical helix is drawn similarly, the pitch being measured
on the axis.

-

Screw Threads.

The helix is the curve of the serew thread, but is not often
drawn, and only with screws of large dlameter. Fig. 313
illustrates its application on a square thread screw and section of
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